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INTRODUCTION. 


In the year 1900, the Mid-Continent Field of Kansas and 
Oklahoma produced 74,714 barrels of oil. In the year 1911, 
the production was 59,343,850 barrels. . The total production for 
the twelve years 296,614,503 barrels. Of these amounts Okla- 
homa has produced at least 250,000,000 barrels. The estimated 
daily production of natural gas in the state is nearly 2,000,000,- 
000 cubic feet. Nine-tenths of all the petroleum and natural 
gas produced in Oklahoma has come from one of the following 
nine counties, Nowata, Washington, Rogers, Osage, Pawnee, 
Tulsa, Creek, Okmulgee and Muskogee, all of which are located 
in the northeastern part of the state. 

While it is still too early to make anything like an accurate 
prediction as to the future of the oil and gas industry of this 
state, the time has arrived when a résumé of existing conditions 
may be made, and perhaps even an intelligent forecast of future 
possibilities. Enough drilling has been done in many counties 
of the state to determine with some degree of accuracy not only 
the formations in which oil and gas are likely to occur, but also 
the possible amount of these substances yet contained in the 
ground. While it is true that in matters of this kind prophecy 
is always unsafe, and the best estimates and the most careful 
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predictions often go wrong, it may not be amiss at this time to 
attempt to forecast the future of the industry in Oklahoma. 

Practically all the oil and gas so far found in Oklahoma has 
been obtained in regions occupied by Pennsylvanian, or Coal 
Measures rocks. Carboniferous rocks occupy all of eastern 
Oklahoma, except parts, or all, of a half dozen counties east of 
the Grand River, where rocks of Mississippian age or older 
occur in the northeastern part of the state, and the counties bor- 
dering on Red River in the southern part of the state, where 
the surface formations are of Cretaceous age. 

The Arbuckle and Wichita Mountains, in southern Oklahoma, 
consist largely of granite and limestone rocks. In these regions 
no oil or gas may be expected. The western half of the state 
is occupied by the Red beds; the rocks being of Permian age. 
In these rocks no oil, or gas, has been found in Oklahoma, except 
a limited amount in the vicinity of the Wichita and Arbuckle 
Mountains. In the extreme western part of the state, the Red 
beds are covered by deposits of Tertiary age. So far as known 
oil and gas have been found in neither the sub-Pennsylvanian, 
Cretaceous or Tertiary deposits in Oklahoma. 

With these facts in mind it may not be difficult to eliminate 
certain regions in which the probabilities for finding oil and gas, 
in paying quantities, are at a minimum, These regions, which 
will be discussed in very brief detail, include the four mountain 
uplifts and the greater part of the great Red beds area of west- 
ern Oklahoma. 

THE OZARK UPLIFT. 


The northeastern part of Oklahoma is occupied by the south- 
western extension of the Ozark uplift, which finds its greatest 
development in southern Missouri, and in northern Arkansas. 

The principal formation of this uplift as exposed in Oklahoma 
is the Boone Chert, known to the oil driller as the Mississippi 
Lime. It is a ledge of hard limestone, of Mississippian age, 
150 to 350 feet thick, which occupies the crest of the high hills 
and makes up the plateau lying east of the Grand River. On 
passing westward this formation dips beneath the surface, and is 
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overlain by successive deposits of Pennsylvanian or Coal Meas- 
ures age, from which practically all the oil and gas so far found 
in the state have been obtained. A number of wells have been 
drilled through this Boone Chert, but so far as known neither 
oil nor gas, in paying quantities, has been found beneath this 
formation. 

Exposures of the Boone Chert occur in Ottawa, Delaware, 
eastern Mayes, Cherokee, Adair, northern Sequoyah, and east- 
ern Muskogee counties. Judging both from geological condi- 
tions and practical experience, it is practically useless to attempt 
to find oil or gas in this region. 


THE OUACHITA MOUNTAINS. 


The Ouachita Mountains occupy an area of several thousand 
square miles in the southeastern part of the state, extending 
from central Atoka County east to the Arkansas line. Included 
in this area is eastern Atoka, southern Pittsburg, southern Lati- 
mer and southern LeFlore counties, northern McCurtain and 
practically all of Pushmataha counties. 

The rocks of the Ouachita Mountains consist of alternating 
strata of sandstones and shales, probably of Carboniferous age, 
which have been greatly faulted and folded, so that, at the pres- 
ent time, the rocks are standing practically on edge. The va- 
rious heavy sandstone members form long timber-covered ridges. 
The thick deposits of shale have been worn into narrow valleys. 

There are in these mountains considerable deposits of asphalt, 
usually in the form of grahamite and gilsonite. These deposits 
are found intruded in crevices among the shales, or between 
bedding planes. It is quite probable that these asphalt deposits 
represent the residuum of petroleum which existed in former 
geological ages, from which the volatile lighter oils and gases 
have been distilled. If this assumption be true, it is practically 
useless to attempt to find oil or gas in paying quantities in the 
Ouachita Mountains. 
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THE ARBUCKLE MOUNTAINS. 


These mountains are located in the southern part of the state, 
occupying southern Pontotoc, western Coal, northern Johnson, 
southern Murray, and northeastern Carter counties. The 
mountains consist of an uplifted, truncated dome, with a granite 
core, along which are flanked sandstones, limestones, and shales 
of lower Paleozoic age. These rocks have been greatly faulted 
and folded in the process of uplifting. Many deposits of asphalt, 
both in the pure state, and as impregnations of sedimentary 
rocks, occur in, or near, the Arbuckle Mountains. It appears 
very probable that the conditions which lead to the formation 
of asphalt must have eliminated the more volatile hydro-carbons, 
and for this reason it is apparently useless to attempt to find 
petroleum, or natural gas, in quantity in the Arbuckle Mountains. 


THE WICHITA MOUNTAINS. 


The Wichita Mountains, in southwestern Oklahoma, are struc- 
turally very similar to the Arbuckle Mountains, consisting of 
an uplifted, truncated dome flanked by lower Paleozoic sediments. 
In the case of the Wichitas, however, erosion has progressed 
to a much greater extent than in the Arbuckle Mountains, so 
that the Wichita Mountains consist very largely of jagged peaks 
of red granite. The Paleozoic limestones are relatively incon- 
spicuous. Deposits of asphalt occur in the limestones, and in the 
Red beds shales and sandstones, near the edge of the mountain 
uplift, and small quantities of oil and gas have been found at 
no great distance from the mountains. These will be discussed 
later. 

THE RED BEDS AREA. 


As stated above, the western part of Oklahoma is occupied 
almost exclusively by the Red beds, the term being used in a gen- 
eral sense to describe a vast deposit of rocks of Permian age, the 
prevailing color of which is a deep brick-red. The rocks consist 
largely of red clay shales with occasional interbedded ledges of 
some other rock, usually either soft sandstone, massive white 
gypsum, or rather thin ledges of dolomite. 
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Until the last few years, it was believed by practically 
all geologists who had studied the problem, that the chances for 
finding oil or gas in quantities anywhere in the Red beds area 
were very meager. A few unimportant oil and gas wells near 
Lawton, Granite, and Gotebo, in the vicinity of the Wichita 
Mountains, and a few shallow water wells containing small 
amounts of oil and gas, which have been drilled in the region 
southwest of the Arbuckle Mountains, in what is now Carter, 
Stephens, and Jefferson counties, demonstrated, however, that 
oil and gas actually did occur in these rocks. The finding of 
small amounts of these substances lead to the hope that continued 
drilling throughout the region might reveal the presence of con- 
siderable volumes of these hydro-carbons. 

Within the past five years, three very prolific oil fields have 
been found in the Red beds. These are the Wheeler Field, in 
Carter County, Oklahoma, less than ten miles from the Arbuckle 
Mountains; the Petrolia Field, in northern Clay County, Texas; 
and the Electra Field, in Wichita County, Texas. The Petrolia 
and Electra Fields are about ten miles south of the Red River. 
It is a very significant fact that all the oil and gas so far found 
in the Red beds occur at a distance less than fifty miles from a 
mountain range. In all of these fields, however, while the sur- 
face rocks are the ordinary Red beds, the oil and gas are encount- 
ered in ledges of sandstone either near the base of these Red beds, 
or in and among the non-red sediments beneath. 

These facts have compelled both the geologist, and the theo- 
retical oil man, to revise his statements, and have materially ex- 
tended the probable areas within which oil and gas may be 
profitably sought. 

There is still, however, a very large area in central, western, 
and northwestern Oklahoma, within which there is slight chance 
of finding oil and gas. This is the great area of Red beds rocks, 
which, so far as is known, contain few, or no, ledges of sandstone 
capable of storing quantities of oil or gas, and which were laid 
down at a considerable distance from any known mountain range. 
Taking these facts into consideration, it may be possible to 
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eliminate a number of counties from the area of the probable 
future oil fields of the state. These will include the three Pan- 
handle counties in northwestern Oklahoma, namely : Cimmaron, 
Texas, and Beaver counties, as well as Harper, Woods, Alfalfa, 
Ellis, Woodward, Major, Roger Mills, Dewey, Custer, Blaine, 
Kingfisher, and Canadian. To these should, in all probability, 
be added, Grant, Garfield, Logan, Oklahoma, Cleveland, McClain, 
Grady, Caddo, Washita, and Beckham counties. That is to say, 
in the light of our present knowledge, taking into account the 
stratigraphy, structure of the rocks, the conditions under which 
they were laid down, the known absence of large beds of sand 
capable of storing petroleum, and all other known data, the 
chances for finding oil, or gas, in paying quantities, in these 
regions are extremely small. It is, however, within the limits 
of possibility that continued drilling will reveal the presence of 
small deposits of both oil and gas in some of these counties, par- 
ticularly in eastern Grant, Garfield, Logan, Cleveland, and Mc- 
Clain, and in southern Grady, Caddo, Washita, and Beckham 
Counties; but chances for finding them in paying quantities are 
so meager that it would not seem wise to recommend the invest- 
ment of money in drilling operations. At least half a million 
dollars have been spent within the past ten years in holes in the 
ground in western Oklahoma, and not a dollar has ever been 
returned, nor does there seem to be any likelihood of anything of 
value being found in this region. 

There are, however, in southwestern Oklahoma within the 
area occupied by the Red beds some eleven counties, in which the 
chances for finding oil and gas in paying quantities are as good as 
in the Wheeler, Petrolia, or Electra Fields. For if the assump- 
tion be true that the oil and gas found in these fields already 
developed has been stored in sandstone ledges, which in a former 
geological age were an out-wash from the Arbuckle or Wichita 
Mountains, it must be admitted that other localities, in the same 
part of the state, have equally good chances for containing these 
prolific sandstones. The counties included in this area which 
may be considered good prospective oil and gas territory are 
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Harmon, Greer, Jackson, Kiowa, Tillman, Comanche, Stephens, 
Jefferson, Carter, Garvin and Love. Within the area occupied 
by these eleven counties are included all of the Wichita Moun- 
tains, as well as the western end of the Arbuckle Mountains. 
While it is probably true that large amounts of money will be 
spent in drilling in impossible places, in these counties, the chances 
are that continued drilling in favored localities will reveal the 
presence of several oil fields of considerable size. 


CRETACEOUS AREA. 

The counties occupied by Cretaceous rocks along Red River, 
in the southeastern part of the state, are an unsolved problem. 
The surface formations in these counties consisting of sand- 
stones, shales and limestones, were, during Cretaceous times, 
spread out, blanket-like, over what appears to be the upturned 
ledges of Pennsylvanian, or Coal Measure rocks. Oil has been 
found in small quantities, presumably near the base of the Cre- 
taceous rocks (the top of the Pennsylvanian) at Madill, Hugo, 
and other points in the area, and it is altogether possible that 
extensive drilling throughout the Red River counties may en- 
counter considerable deposits of oil. There is, however, in this 
region no geological evidence, either positive or negative, on the 
surface, that would enable one to locate a prospective oil field. 


DEVELOPED FIELDS. 

Having eliminated the apparently impossible regions, and dis- 
cussed in some detail those parts of the state in which the chances 
for finding oil are only fairly good, let us now turn our attention 
to the great Pennsylvanian area, in eastern Oklahoma, which has 
heretofore been the great producer of petroleum. By far the 
greater part of the oil and gas so far produced in Oklahoma have 
come from nine of the northern and eastern counties. There are 
some twenty other counties, which lie either within the known 
field, or along its edges, or are occupied by rocks of Pennsyl- 
vanian age, all of which should, in all probability, produce con- 
siderable quantities of oil or gas. These counties will be dis- 
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cussed in brief detail. Many of the statements made, however, 
must be accepted tentatively, for it must be remembered that new 
developments are constantly extending the known areas of the 
possible fields, and that regions, which a year ago would have 
been considered worthless, are now considered good prospective 
territory. On the other hand, the finding of “dry holes” in 
regions considered good will often condemn a considerable area. 

Washington County.—Some of the first wells drilled in Okla- 
homa were located near Bartlesville, in this county. The greater 
part of the county has proved productive of oil or gas, and prac- 
tically all of the northern half has been drilled. Some of the 
most prolific oil pools in Washington County are the Ramsey, 
Canary, Cotton Creek, Copan, Wann, Webber, Dewey, Squirrel, 
Bartlesville, Oglesby, and Ramona oil pools as well as the world- 
famous Hogshooter Gas Field. Many million barrels of oil have 
been taken from this county, and it is very probable that only a 
relatively small part of the oil has yet been exhausted. There are 
three known productive sands, none of them over 1,400 feet in 
depth. 

Nowata County.—This county includes the greater part of the 
famous Shallow Field of Oklahoma. The territory east of the 
Verdigris River, in the southeastern part of the county, is prac- 
tically all producing territory. Some of the most noted pools are 
the Alluwe, Coodys Bluff, Big Creek, Childers, Delaware, Dela- 
ware Extension, Lenapah, Berea, and Adair. Considerable areas 
in the northern and western parts of the county remain to be 
drilled. This has proved a very profitable county in which to 
operate, because of the fact that the wells are all shallow. In the 
Alluwe Field, for instance, the oil is found at a depth of not more 
than 500 feet. 

Rogers County.—This county also lies within the Shallow 
Field. The Chelsea pool in the northeastern part of the county; 
the Sageyah pool near Claremore, and the Collinsville gas field in 
the western part of the county, are, at the present, the most 
prolific areas so far discovered. Oil has been found, however, 
near Inola, Catoosa, Talala, Oologah, and other points. A large 
part of the county, however, remains to be drilled. 
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Tulsa County.—Tulsa County includes such pools as Skiatook, 
Bird Creek, Flat Rock, Perryman, Red Fork, and the eastern 
half of the world-famous Glenn Pool, which within the past five 
years has produced over 100,000,000 barrels of oil. A large 
part of the county has not yet been drilled, and it is quite prob- 
able that a number of additional pools will yet be located. 

Osage County.—Only a small part of the eastern half of Osage 
County has been prospected, owing to government restrictions 
upon the leasing of land. Practically all of the territory drilled 
has been found to be prolific of oil and gas. Wells are located 
along the eastern line of the county all the way from Kansas to 
the Arkansas River. Some of the most noted pools in Osage 
County are at or near Bartlesville, Bighart, Osage, and Skia- 
took. Western Osage County, which should be prolific of oil and 
gas, has not been drilled. It is probable that hundreds of millions 
of barrels of petroleum will yet be produced from this county. 

Pawnee County.—Pawnee County includes the noted Cleve- 
land Field, which was one of the first developed in the state. 
There are in the Cleveland Field five producing oil sands, located 
at depths ranging from 1,000 feet to 2,700 feet. The largest 
well ever discovered in the state was found in this field. It pro- 
duced 7,000 barrels of oil per day, and was located in the Bartles- 
villes and, at a depth of 2,700 feet. Practically all of the southern 
and western parts of Pawnee County remain to be drilled, and it 
is very probable that many additional oil pools will be found. 

Creek County—The western part of the Glenn Pool, the 
largest field in Oklahoma, and its northern extension, the Tamaha 
Pool, are both located in eastern Creek County. Forty miles 
away in the western part of the county is the newly discovered 
Cushing Pool, which bids fair to rival the Glenn Pool. All of the 
intervening country, as well as several hundred square miles in the 
southern part of the county, remains to be drilled. It need occa- 
sion no surprise if this county eventually produces hundreds of 
millions of barrels of oil. 

Okmulgee County.—There are a number of producing oil pools 
in Okmulgee County; the most prolific of which are the Okmul- 
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gee, Hamilton, Beggs, Baldhill, Morris, Tiger Flats, Henryetta, 
and Salt Creek Pools. Large areas known to be productive of 
oil and gas have not yet been drilled. 

Muskogee County.—In Muskogee County is located the noted 
Muskogee oil pool, also producing pools near Haskell, Wain- 
wright, and Council Hill. Considerable part of southern Musko- 
gee County has not yet been drilled. 

Wagoner County.—Oil and gas have been found in Wagoner 
County, near Choska, Coweta, and along Adams Creek, east of 
Broken Arrow. Practically all the county is good prospective 
oil territory, but very little of it has been drilled. 

Mayes County.—A small amount of oil and gas has been found 
in the western part of Mayes County, in the region west and north 
of Pryor Creek. All that section of the county lying west of the 
main line of the Missouri, Kansas, and Texas Railroad is a part 
of the territory within which oil and gas may be found, and if 
found, drilling will be inexpensive on account of the fact that the 
wells will not exceed 300 to 500 feet in depth. 

Craig County.—Western Craig County lies within the territory 
in which oil and gas may be expected. The drilling will not be 
expensive because of the shallow depth of the wells. Oil and gas 
have been found near Catale and Centralia. 

Kay County.—The principal oil pool so far developed in Kay 
County is the Ponca City pool, which, during the last year, has 
produced a large amount of oil and gas. Both oil and gas are 
known to occur near Kildare and Newkirk, also large amounts of 
gas in the western part of the county, near Blackwell. There 
need be no surprise if extensive drilling anywhere in Kay County 
reveals the presence of oil and gas. 

Noble County.—Western Noble County lies in the Red beds 
and for that reason the chances for finding oil and gas are not 
so good as in eastern townships, which, when drilled, should 
show considerable amounts of these products. 

Payne County.—Eastern Payne County doubtless contains oil 
and gas. The famous Cushing Field, in Creek County, lies just 
across the line, and the northeast corner of the county is but a 
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few miles from Cleveland, one of the most prolific fields in the 
state. Western Payne County lies within the region of the Red 
beds, where the chances for finding these substances are not so 
good. 

Lincoln County.—Eastern Lincoln County is fairly good pro- 
spective oil and gas territory. Western Lincoln County lies in 
the Red beds area. The chances are not good for finding oil and 
gas in paying quantities in western Lincoln County. 

Okfuskee County.—Practically all of Okfuskee County may be 
considered good prospective oil and gas territory. A small 
amount of oil has been produced in the northeastern part of the 
county, and very little drilling has been done elsewhere. 

Seminole County—Eastern Seminole County lies within the 
region within which oil and gas may be expected. In fact these 
products have been found at Wewoka, the county seat. Very 
little drilling has been done, and there is no means of knowing 
the extent of the deposits. 

Pottawatomie County.—The chances for finding oil and gas 
in the greater part of this county are not good, because of the 
fact that practically the entire county lies within the Red beds 
area. The most likely place to prospect is in the vicinity of 
Keokuk Falls, in the northeastern part of the county. 

Pontotoc County.—Northern Pontotoc County lies within the 
region occupied by Carboniferous rocks. Small amounts of gas 
have been found near Ada and Roff, and there are considerable 
deposits of asphalt near Ada. It is useless to attempt to find oil 
or gas in quantity in the southern part of the county, which lies 
within the region of the Arbuckle Mountains. 

Hughes County.—All of Hughes County lies within the area 
occupied by Pennsylvanian rocks, and the chances are fairly good 
for finding oil and gas anywhere in the county. Very little drill- 
ing has been done, so that at the present time there is no means 
of knowing the exact location of possible productive pools. 

Coal County.—Coal County lies within the area occupied by 
the Pennsylvanian rocks. Gas has been found in the northeastern 
part of the county, and it is very probable that drilling will reveal 
the presence of large amounts of oil and gas. 
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Pittsburg County.—Northern Pittsburg County lies within the 
region in which we may expect to find oil and gas. Several deep 
wells have been put down, and small amounts of gas have been 
secured. It is quite probable that more extensive drilling would 
reveal a larger amount. Southern Pittsburg County lies in the 
Ouachita Mountains where it is practically useless to attempt to 
find oil or gas. 

Haskell County.—This county lies in the region of Pennsyl- 
vanian rocks. There are several anticlinal folds crossing the 
county from northeast to southwest. Gas has been found near 
Kinta, and it is probable that considerable deposits of both oil and 
gas will eventually come to light. 

Latimer County.—Southern Latimer County lies within the 
area occupied by the Ouachita Mountains. Northern Latimer 
County lies within the area of Pennsylvanian rocks. Gas has 
been found near Red Oak, and other deposits will probably be 
found in the same general vicinity. 

LeFlore County.—The southern part of this county lies in the 
Ouachita Mountain area; the northern half of the county, in the 
region of the Pennsylvanian rocks. There are several anticlinal 
folds which should contain oil or gas. Prolific gas wells have 
been discovered near Poteau, and’ are supplying that city with 
fuel. Other good wells have been found near Spiro. There is 
little doubt that more extensive drilling along the anticlines will 
reveal the presence of other deposits of gas, and probably of oil 
also. 

Sequoyah County.—Southern Sequoyah County lies within the 
region of Pennsylvanian rocks, which should eventually yield con- 
siderable deposits of oil and gas. Gas has been found at Vian. 


CONCLUSION, 


These brief statements will indicate something of the future 
possibilities of the oil field. Judging from all available data it 
may be inferred that, at the present time, not one fourth of the 
prospective oil and gas territory has been carefully drilled, and 
not one tenth of the oil has yet been taken from the ground. A 
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considerable amount of prospecting has been done which has 
yielded no results, largely because of the fact that poor judgment 
was exercised in locating the wells. 

With regard to the life of the field we can only conjecture. 
Relatively few of the wells of the state have yet ceased to produce. 
Many of the wells drilled ten years ago are still yielding a suff- 
cient amount of oil to be profitable to operate. There is, at 
present, no definite way of estimating the ultimate life of the 
wells, but taking into account the structure of the sand, the quality 
of the oil, and the life of the wells in the older fields of the United 
States, where oil is produced under similar conditions, we need 
not be surprised if many of the wells now operating continue to 
produce oil for the next twenty-five, or even fifty years. 

Additional wells are constantly being drilled in the developed 
fields, and new fields are constantly coming to light. It may con- 
fidently be predicted that the development of new fields will 
continue in Oklahoma for the next fifty years, and that they will 
continue to produce for another fifty years. 





THE ORIGIN OF SULPHUR DEPOSITS.! 


O. STuTzer. 


TRANSLATED BY W. C. PHALEN. 


In regions of present volcanic activity or where volcanic activ- 
ity has but recently ceased, occurrences of sulphur incrustations 
are commonly observed. Steam and gases, smelling of sulphur 
dioxide are still emitted from the solfataras in these regions, and 
on the walls of their vents sulphur is being deposited. 

Scientists were formerly inclined to attribute the origin of all 
workable sulphur deposits to the above agencies or processes. 
With more exact researches, these views have been shown in 
general to be incorrect. The bulk of, and the most important, 
sulphur deposits of the world have originated in other ways, 
which will be described presently. Only a few occurrences are 
of volcanic origin and of these, so far as the world’s sulphur pro- 
duction is concerned, only the Japanese deposits are important. 
These were formed in old crater lakes or on the sides of old or 
at present active volcanoes. 

The formation of sulphur in solfataras in zones of volcanic 
activity was thought formerly to be due to a reaction between 
hydrogen sulphide (H,S) and sulphur dioxide (SO,.), whereby 
water was formed and sulphur set free. But as a result of the 
exact and detailed researches of Brun, another origin is shown 
to be the more probable. 

Brun pointed out the impossibility of hydrogen sulphide (H,S) 
and sulphur dioxide (SO,) issuing together through the same 
vent.2, If the reaction takes place, as intimated above, the 

* The original article on “ Sulphur” of which this is a part is contained in 
a published work entitled “ Die Wichtigsten Lagerstitten der Nicht Erze.” 
(The more important occurrences of the non-metallic minerals, Borntraeger 


Brothers, Berlin, 1911, pp. 474, Figs. 108.) 
7A. Brun, Chem. Zeitung, No. 15, 1900. 
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two gases must have separate courses of exit, a condition 
which, in most cases, is precluded. According to his obser- 
vations at Pico de Teyde, Canary Islands, as well as in Java, the 
sulphur appears to be present rather in the form of vapor or sub- 
microscopic dust in a current of carbonic acid (CO,). If the 
vapor is led into water below 100°, the sulphur condenses, form- 
ing milk of sulphur. If little water is present, the sulphur crys- 
tallizes at a temperature of 100° to 110° on the walls of the open- 
ings, gradually closing them. At higher temperatures (192° to 
270°) the sulphur melts, flows out over the rocks and ignites. 
The origin of most of the Japanese deposits is explained by such 
processes. 

The most important of the workable sulphur deposits of the 
world, however, bear no relation to vulcanism. They are rather 
typical sedimentary deposits. All these sedimentary types pos- 
sess certain features in common, such as the constant accompani- 
ment of gypsum, clay, limestone or marl, and bituminous sub- 
stances. The fact that the accompanying rocks were deposited 
in shallow water is nearly always a phenomenon of such deposits. 
The common age, Miocene (Upper Miocene), of many of the 
occurrences must be regarded as more than fortuitous (Miocene; 
Sicily ;} Romagna;! Marches;' Calabria;! Radoboj, Croatia; 
Swoszowice, Galicia; Kokoschiitz, Upper Silesia; Sulphur, Lou- 
isiana; and others). 

It may be said that the sulphur of the non-volcanic deposits has 
been formed chiefly through the oxidation of hydrogen sulphide 
according to the following reaction: 


H.S+O=H,0+S. 


The hydrogen sulphide necessary for the formation of this sul- 
phur may have been produced either from the decomposition or 
decay of organic material or from the reduction of inorganic sul- 
phates, chiefly gypsum, by means of organic substances. The re- 
duction of inorganic sulphates could have occurred contempora- 


*Considered by E. Kayser as belonging in the lower Pliocene (= Mes- 
sinian) Formationskunde, II. Aufl., 1903, p. 520. 
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neously with the deposition of the sediments accompanying the 
sulphur, i. e., through the action of the reducing substances on 
the freshly precipitated sulphate or the sulphate still in solution; 
or the reduction could have followed long after the deposition of 
the sulphate, when it had already become lithified. 

The form of the sulphur deposits depends to a certain extent 
on the different modes of origin of the necessary hydrogen sul- 
phide. Hydrogen sulphide, forming in a basin of deposition, 
will produce sedimentary sulphur deposits, if it produces sulphur 
deposits at all. But the hydrogen sulphide, resulting from the 
reduction of older sulphates, leads to the formation of the epige- 
netic occurrences, most of which have the form of veins. But if 
the latter hydrogen sulphide enters the basin, sedimentary de- 
posits may form there also. 

Sulphur veins of commercial importance are rare. E. Bose 
has described veins occurring at Conejos, Mexico, in Cretaceous 
limestone.1 The central portions of these veins consist of sul- 
phur bordered by a mixture of sulphur and silica. This in turn 
is bordered by sulphur mixed with gypsum, which passes into 
limestone. The silica along the border of the sulphur in these 
veins is regarded as having come from the siliceous limestone. 
Bose attributed the origin of the sulphur to sulphur bearing 
(H,S) springs. The hydrogen sulphide was oxidized to water 
and sulphur in the superficial parts of these springs; and the 
presence of an excess of oxygen during the early stages of vein 
formation produced sulphuric acid which led to the formation 
of gypsum from the limestone. 

At Gik-Salgan, south of Grossny, in the Caucasus, there are 
sulphur veins in limestone which have originated from sulphur 
springs. Numerous sulphur springs have been discovered in this 
region, though nothing definite is known with reference to the 
origin of the sulphur in them. 

On the other hand, most of the other workable sulphur deposits, 
as those of Italy, Galicia, Louisiana, Upper Silesia, etc., have 


*E. Bose, “Excursions aux Mines de Soufre de la Sierra de Banderas; 
Guide des Excursions du X Congrés Géologique International,” Mexico, 1906, 
II pp. 
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formed contemporaneously with the country rock in shallow 
basins of deposition (Flachseen). They are therefore of sedi- 
mentary origin. The only proof of this is the bedded character 
of the sulphur. 

In all the stratified deposits of sulphur, the sulphur beds are 
invariably confined to certain members of the series and do not 
occur in the form of irregular stocks or nests at different levels. 
In the Sicilian sulphur deposits, which are the most highly de- 
veloped at the present time, massive gypsum, which does not con- 
tain a trace of sulphur, is present both in the hanging and foot 
walls of the sulphur-bearing beds. The hanging wall of the 
gypsum is a porous limestone, which contains no sulphur. An 
epigenetic explanation of the Sicilian deposits is bound to give a 
satisfactory explanation of this negative evidence, and up to the 
present time this has not been given. In this connection, the fact 
must not be lost sight of, that impervious marl occurs between the 
different sulphur-bearing layers. This would render the circula- 
tion of sulphur-bearing solutions very difficult, if it did not pre- 
vent it altogether. 

In a word, the sulphur beds of Sicily present strong evidences 
of a sedimentary origin. The sulphur is either interfingered in 
the country rock which is marl or limestone, or is imbedded in it 
in the form of nodules or irregular masses, or is interlaminated in 
it in layers less than an inch thick. The last-named structure, 
which in Sicily is described as Struttwra soriata, is especially con- 
clusive evidence of a sedimentary origin. It is found also in 
Romagna and in Swoszowice, Galicia. The description of the 
latter deposits, published by the Austrian minister of agriculture, 
gives several illustrations of these banded occurrences (see Figs. 
85 and 86). 

It is possible to study this structure in detail at the Mine Ges- 
solungo-Trigona, Caltanissetta, Sicily (see Fig. 87). Two 
sulphur beds are present here, a lower one about 10 feet (3 m.) 
thick and an upper one 13 feet (4 m.), separated by about 28 
inches (70 cm.). The beds dip at an angle of 16°. They con- 
sist of regular parallel layers of pure native sulphur, less than 
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an inch thick, separated by layers of earthy limestone, of about 
double the thickness of the sulphur layers. They have been ex- 
posed in this mine for a distance of more than 650 feet (200 m.) 
and present one of the most beautiful examples which a mine 
could possibly afford. 




















Gypsiferous shale. Sulphur. Marly clay. Fic. 86. Bedded sulphur-bearing 

Fic. 85. Bedded deposit of sulphur rocks in the Solfara Grande di Som- 
in Swosozowice, Galicia. (After matino Mine, Sicily. (After Mot- 
Ambroz.) tura.) S=sulphur; Ls = limestone. 


The parallel sulphur bands of these occurrences consist chiefly 
of compact sulphur. Occasionally they exhibit on their upper 
surface hollow spaces into which calcite crystals project. Sul- 
phur crystals have also formed on this compact sulphur along 
these cavities. The hollow spaces, bordered below by sulphur 
and above by a layer of calcite, together with their accompanying 
crystals, have originated, through secondary solution and rede- 
position. The beautiful sulphur, gypsum, and celestite crys- 








tals » 
ical 
ucts, 


Fic. 
lying 
Caltar 


Th 
lunge 
expla 
depo: 
struc 
tion, 
of th 
Thes 
phur. 
the e 























THE ORIGIN OF SULPHUR DEPOSITS. 137 


tals which the Sicilian mines have contributed to the mineralog- 
ical collections of the entire world are likewise secondary prod- 
ucts, which have formed later along fissures, etc. 





—<70cm><4m> 


























































































































Fic. 87. Profile of the unconformable bedding of clay between under- 
lying and overlying sulphur beds in the Gessolungo-Trigona Mine at 
Caltanissetta, Sicily. 


The typically banded sulphur layers exhibit now at the Gesso- 
lungo-Trigona mine two phenomena which admit of satisfactory 
explanation only by accepting the view of primary sedimentary 
deposition of the sulphur. These are (1) typical cross-bedded 
structure (Diagonalstruktur) frequently repeated in vertical sec- 
tion, such as is often observed in sandstone; and (2) the erosion 
of the lower bed before the formation of the upper (see fig. 87). 
These phenomena are proof of the sedimentary origin of the sul- 
phur. The theory that the thin layers of gypsum interbedded in 
the earthy limestone have been replaced is excluded in the above 
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cases, because the massive gypsum in the hanging wall of these 
occurrences reveals no sulphur. 

The most difficult question which remains to be answered is by 
what chemical processes may the deposition of native sulphur in 
a shallow basin be explained. In the preceding paragraphs, it 
was shown that the sulphur of the bedded deposits had originated 
chiefly through the oxidation of hydrogen sulphide. This oxida- 
tion takes place by means of inorganic agencies according to the 
following reaction: 


H,S+O=—H,0+5, 


or it occurs in the same manner with the aid of lower forms of 
life, of which more will be said later. The hydrogen sulphide 
necessary for the reaction may have come from organic sources, 
through processes of decay, as well as from inorganic sulphur 
compounds, through processes of reduction. Among the inor- 
ganic sulphur compounds, which occur to the writer, gypsum is 
the most important, and the organic substances necessary to its 
reduction are not absent in any of the known bedded sulphur 
deposits. The first reduction product which must be conceived 
as present in solution is the readily soluble calcium sulphide 
(CaS) the formation of which may be explained according to the 
following reaction: 


CaSO, + 2C=CaS + 2CO,. 


The calcium sulphide thus formed decomposes in the presence 
of carbonic acid thus: 


CaS + H.O + CO,=H,S + CaCO,. 


Another process of reduction was propounded by Hoppe-Sey- 
ler? in 1886. According to this process, the sulphate was re- 
duced by methane in the nascent state. The methane was pro- 
duced in the research from the fermentation of cellulose. The 
reaction probably takes place as follows: 


CH, + CaSO,—=CaCO, + H,S +H,0. 
"Zeitschrift fiir physiolog. Chem., 1886, Bd. 10, S. 4or. 
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In nature, therefore, sulphates may be decomposed to hydrogen 
sulphide and finally, by oxidation of the latter, to sulphur. 

The organic substances necessary for these reactions are pres- 
ent in the contemporaneous living plants and animals or they are 
introduced from below in the form of gases (e. g., in Sicily by 
the distillation of bituminous sediments and in Kokoschiitz, Upper 
Silesia, by gaseous emanations from coal beds). 

Ochsenius! believed, contrary to most workers, that the sul- 
phur originated from magnesium sulphate and sodium sulphate 
and not from gypsum. A part of the sulphur would then form 
as a result of decomposition of the magnesium sulphate (Bitter- 
salze), present in the evaporating basin, by means of carbonic 
acid and hydrocarbons, developed from animal and plant organ- 
isms. The intermediate products of the reaction, according to 
Ochsenius, would be the corresponding metallic sulphide and 
hydrogen sulphide. A similar reaction occurs in a solution of 
magnesium sulphate in which straw or hay has been kept. A 
part of the sulphur of the magnesium sulphate in the form of sul- 
phuric acid attacks the accompanying carbonate of lime, forming 
gypsum. The views of Ochsenius as to the original source of 
the commercial sulphur deposits have found few adherents. 

Certain low forms of life, principally the so-called sulphur 
bacteria (Schwefelbakterien), have played a part in the forma- 
tion of hydrogen sulphide and its reduction to sulphur. More 
will be given on this subject in conclusion. The develop- 
ment of hydrogen sulphide as a result of the influence of bacteria 
is a widespread natural phenomenon.? Thus the ordinary bac- 
teria of decay and other microbes produce hydrogen sulphide 
in the decomposition of egg albumen. Other bacteria reduce 
sulphates and also produce hydrogen sulphide. In correspond- 
ing experiments performed in the absence of air, the sulphates 
were reduced at a temperature of 25—-30° C. in 12 to 14 hours 
(Beijerinck). The reduction was explained by Murray and 

*C. Ochsenius, Zeitschr. f. prakt. Geol., 1893, p. 223 ff. 


* Dr. W. Omelianski in F. Lafar, “ Handbuch der technischen Mykologie,” 
III. Bd., S. 214 ff., II. Aufl, Jena, 1904-1906. 
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Irvine’ as resulting from the action of the carbon content of the 
protoplasm of the microbes according to the reaction :? 


MSO, + 2C=2CO, + MS. 


The sulphide thus produced was then decomposed by carbonic 
acid, with the development of hydrogen sulphide: 


MS + CO, + H,O=H,S + MCO,. 


Hydrogen sulphide may collect in large quantities as a result 
of similar processes in natural seas or lakes, examples of which 
may be given. In the water of Wiessowo Salt Lake, Govern- 
ment of Charkow, Russia, Nadson found the following amounts 
of hydrogen sulphide in a liter of water at the depths indicated: 


Depth? Com #18, 
BA: Set (50 6 WD)» King vciccs otebca sense coscen 5.91 
EGA S0At HIG TUN) oe vs awneanere eee ebreerec si 88.31 
2 OEE TF Ee) c5.cs cc cccsitaten tress oent 184.06 


According to Lebedinzeff* the following quantities of hydrogen 
sulphide are contained per liter in the water of the Black Sea: 


Depth. Cem. H,S. 
PD ORLA HATS 001.) 5 visi sis esis oe oho 01005 fest. 0 os 0.33 
MAO GRE ( Ey OND otc vc sisee meniie Pub ts 0.0/6 2.22 
CGS feet TONG BA) ois cae eiswies vowed oe Sbkw 5.55 
20 sEOPT aS AN). 1 sigs enisbie sh hie oie shyt > +008 6.55 


At considerable depth, therefore, the water of the Black Sea 
contains twenty times as much hydrogen sulphide as near the 
surface. This results “ from the decomposition, under the influ- 
ence of anaerobic bacteria in the presence of sulphates in the sea 
water, of the organic substances, deposited on the sea floor.” 


* Transact. of the R. Soc. of Edinburgh, 1893, Vol. 37, p. 496. 

2“M” indicates a bivalent metal. In its place, may be used Ca, etc., when 
gypsum or any other definite sulphate is employed as the source of the 
sulphur. 

“Travaux de la Soc. des naturalistes 4 Odessa,” 1801, Vol. 16 (Russian). 
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This enrichment in hydrogen sulphide of the waters of the Black 
Sea at depths is attributed by Andrussow to the complete lack 
of vertical circulation. For the latter reason no living fauna 
exist in the deeper parts of the sea, since animal life depends on 
the circulation of the water, but principally on the presence of a 
certain amount of oxygen in it. 
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Fic. 88. Sulphur bacteria. (a) Beggiatoa Alba, greatly enlarged. (After 
Windogradsky.) (b) Chromatium Okeini, greatly enlarged. (After Cohn.) 


An unlimited increase in hydrogen sulphide, which is very 
poisonous for higher organisms, is fortunately checked by the 
reverse process, i. ¢., by oxidation. Such oxidation takes place 
as a purely chemical process under the influence of atmospheric 
oxygen. Hydrogen sulphide dissolved in water is by this means 
converted into water and sulphur in a finely divided condition, 
which is subsequently oxidized to sulphur dioxide (SO,). In 
nature this process is stimulated in an energetic manner by the 
action of another kind of sulphur bacteria. In contrast to the 
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bacteria which form hydrogen sulphide and to those which exert 
a reducing influence already described, the bacteria under discus- 
sion exert a strong oxidizing influence. They are distinguished 
from all other bacterial forms through their peculiar property of 
secreting drops of sulphur in their protoplasm, by the oxidation 
of which they receive the energy necessary for life.’ 

The researches of Winogradsky? have firmly established the 
fact that these bacteria oxidize hydrogen sulphide and deposit the 
separated sulphur in their cells in the form of oily globules. This 
sulphur on the death of the cell is converted into the crystalline 
variety. The sulphur makes up more than go per cent. of the 
bulk of the cell. The oxidation (Atmung, breath) of this sul- 
phur is the source of energy necessary to the maintenance of the 
life of the bacteria. The carbonates, taken up by the bacteria, 
but which are not necessary for their existence, neutralize the 
sulphuric acid produced as a result of oxidation and sulphates 
are produced. By this process, therefore, carbonates are con- 
verted to sulphates. Finally, these are reduced by organic sub- 
stances, ¢. g., the remains of higher plant life or certain rod- 
like bacteria, and hydrogen sulphide is again formed. The hy- 
drogen sulphide then supplies the bacteria with the material 
needed for the production of more sulphur.* If the bacteria are 
deprived of hydrogen sulphide, they oxidize their secreted sul- 
phur within a day or two and then die. These bacteria are found 
not only in nearly all sulphur springs, but also in the mud of most 
waters, where hydrogen sulphide is developing as a result of the 
decomposition of organic albuminoids or of the reduction of sul- 
phates. 

The life of the bacteria requires the presence of two gases, 
hydrogen sulphide and oxygen, which in consequence of the ease 
of oxidation of hydrogen sulphide are mutually exclusive or in- 
compatible. The bacteria therefore must be confined to that re- 

*See also Abstracts, by Doss, on the works of Jegunow, Sidorenko und 
Sokolow. Neues Jahrbuch fur Min., Geol. u. Pal., Stuttgart, 1900, S. 225. 

* Botanische Zeit., Jahrgang 45, Nr. 31-37, 1887. 


* The entire process has been called by Stutzer Krieslauf des Schwefels, 
i. e., circulation of the sulphur. 
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stricted zone into which penetrate oxygen from above and hydro- 
gen sulphide from below. 

Still another group of bacteria are the thionic acid bacteria, 
which secrete no sulphur in their cells but which oxidize thiosul- 
phates to tetrathionic acid and sulphuric acid. In the latter reac- 
tion, sulphur separates as indicated below: 


Na,S.O; + O=Na,SO, +S. 


The thiosulphate may be replaced by hydrogen sulphide or still 
better by calcium sulphide.? 


*See also Beijerinck, Centralblatt fiir Bakt., 1904, Bd. II., S. 563. 











THE TRANSPORTATION AND DEPOSITION OF GOLD 
IN NATURE. 


Victor LENHER. 


Of all the factors which play an important part in the genesis 
of ore deposits, the agency of solution is perhaps the most fun- 
damental for it is by solution that the chemist is able to study 
and to attempt to imitate the chemistry of ore deposition as car- 
ried out in nature. Any information that will throw light on the 
character of possible ore-bearing solutions may be expected to aid 
in studying the many problems incident to the solution, trans- 
portation, and deposition of the metallic ores. 

In connection with some recent chemical studies which have 
been made with gold, certain solutions have been worked with, 
the deportment of which toward various reagents as well as with 
certain minerals, indicates a degree of stability which appears 
to be of geological significance. Indeed certain gold solutions 
possess a stability from the purely chemical standpoint which one 
would not be likely to expect from our general knowledge of the 
ease with which gold is deposited out of most of its solutions 
by even the mildest reducing agents. 

How gold is dissolved and transported in underground waters 
has not been clearly shown. The suggestive work of Stokes 
(Economic Geotoecy, I., p. 650, 1906) on the solubility of gold 
in cupric chloride or in ferric chloride solutions at 200° with the 
redeposition of metallic gold on cooling, appears to afford a pos- 
sible means of transportation of gold solutions at elevated tem- 
peratures with the subsequest deposition of the gold by lowering 
of the temperature. The work of Emmons on “The Agency 
of Manganese in the Superficial Alteration and Secondary En- 
richment of Gold-Deposits in the United States” (Trans. Amer. 
Inst. Min. Eng., 1910, 767) together with the work of McCaug- 
hey (Jr. Amer. Chem. Soc., 31, 1,263, 1909), and Brokaw (Jr. of 
744 
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Geol., Vol. 18, 321, 1910), as well as the earlier work of Pearce 
(Trans. Amer. Inst. Min. Eng., 22, 739, 1893), Rickard (Trans. 
Amer. Inst. Min. Eng., 26, 978, 1896), McIlhiney (Amer. Jr. 
Sci., 1896, 293), and Don (Trans. Amer. Inst. Min. Eng., 27, 
599, 1897), apparently require that free chlorine is the solvent for 
the gold in the first instance, or if not free chlorine, a solvent 
whose powers are practically equivalent to that of free chlorine. 
When the chloride solution of gold is the transporting solution, it 
seems obvious that the gold is subsequently deposited as metal by 
a reducing agent. The agency of manganese in the solution of 
gold and its transportation is consistent in many gold deposits 
with the accompanying manganese deposits and throws consid- 
erable light on the superficial transportation of gold. 

The solubility of gold in such media as the alkaline cyanides 
can hardly be deemed of material importance from the viewpoint 
of a natural transporting solution. The action of concentrated 
sulphuric acid or strong phosphoric acid in the presence of oxidiz- 
ing agents on gold will cause solution (Lenher, Jr. Amer. Chem. 
Soc., 26, 550, 1904) but this solvent action requires a higher con- 
centration of acid than can be expected in nature. Similarly 
though hydrochloric acid under pressure (Lenher, Econ. GEOL., 
4, 562, 1909) and nitric acid (Dewey, Jr. Amer. Chem. Soc., 32, 
318, 1910) at atmospheric pressure dissolve gold, the solution 
occurs only in concentrated acids, and the facts are of no impor- 
tance in seeking for natural solvents for gold. 

From all of these acid solutions the precipitation of the gold 
is usually assumed to take place by ferrous sulphate, metallic sul- 
phides such as pyrites, or, in the case of Stokes’ experiments, by 
lowering of the temperature. 

The alkaline solutions which can dissolve and carry gold have 
not as a rule received as serious consideration as transporting 
media as the better known chloride solutions. Indeed the liter- 
ature on alkaline gold solutions is very meager. This is particu- 
larly true in regard to the alkaline sulphide solutions. 

That gold can be brought into solution by means of the alkaline 
sulphides has long been known, but it is doubtful if the geolog- 
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ical significance of the resulting solutions has been fully appre- 
ciated. 

Probably at least as early as the time of Glauber it was known 
that gold can be rendered soluble by fusion with liver of sulphur. 
Stahl in the seventeenth century (“‘ Observations Chymico-Physica 
Medice’’) is the first to bring out the fact clearly, and in doing 
so suggests that Moses burned the golden calf with sulphur and 
alkali and gave the solution to the children of Israel to drink. 

In more recent times, Skey (Trans. New Zealand Institute, 5, 
382, 1872) in studying the formation of gold nuggets in drift 
suggests the solution of gold in the alkaline sulphides as the 
medium by which gold can be carried. Eggleston (Trans. Amer. 
Inst. Min. Eng., 9, 640, 1880-1881) in studying the formation 
of gold nuggets and placer deposits found spongy gold to be 
soluble'in the alkaline sulphides. Becker (Amer. Jr. Sci. (3), 
33, 207, 1887), in his studies on the mercury deposits of the 
Pacific coast, has shown that gold dust dissolves in sodium sul- 
phide. He believed that some of the gold veins bear so consid- 
erable a resemblance to the quicksilver deposits that like the latter 
they were formed by precipitation from solutions of the soluble 
double sulphides. Liversidge (Journal of the Royal Society of 
New South Wales, 27, 303, 1893), in studying the question of 
the origin of gold nuggets, reviews the earlier work on the 
solubility of gold and finds it to be soluble in sodium sulphide. 

These solubility experiments have been repeated in our labora- 
tory and the fact corroborated that metallic gold is soluble in 
solutions of the alkaline sulphides. More significant, however, 
appears the fact that from these solutions of gold in the alka- 
line sulphides, iron pyrites will not throw out the gold. 

As is well known, the metals, the metallic sulphides, and even 
many kinds of organic matter will precipitate gold from the solu- 
tion of gold chloride. In the case of the alkaline sulphide solu- 
tions containing gold, neither pyrites nor metallic iron will pre- 
cipitate the gold, but on the other hand, gold deposits out of these 
solutions by exposure of the solution to the air, under which con- 
dition the sulphide oxidizes. 
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The sulphide solutions of gold are permanent stable solutions 
to the ordinary reducing agents, that is, to such reducing agents 
as precipitate gold from the chloride solution. These alkaline 
sulphide solutions deposit their gold content by contact with acid 
or by exposure to oxidation. Not only are the alkaline sulphide 
solutions of gold stable to the metallic sulphides, but experiments 
made in sealed tubes have demonstrated that sodium, potassium, 
ammonium, or calcium sulphide solutions will dissolve gold leaf 
in the presence of pyrites without any deposition whatever of gold 
on the pyrites. 

It is therefore obvious that through the agency of the alkaline 
sulphides it is possible for gold to be transported in alkaline sul- 
phide solution through a bed of pyrites without deposition of 
metallic gold, and indeed it is possible to think of such a water 
passing through a bed of gold-bearing pyrites actually enriching 
itself by solution of the gold from the pyrites. To follow such a 
solution farther, it can be conceived that gold can be carried 
through a reduced zone and later the gold can be deposited by 
meeting acid in the reduced zone, or in absence of acid can be 
carried indefinitely until it reaches a zone of oxidation when the 
metal would be deposited. 

When sodium thiosulphate is allowed to act on gold in the 
presence of oxygen, the double thiosulphate of gold and sodium 
is formed. This double thiosulphate is also formed when auric 
chloride and sodium thiosulphate are brought together in solu- 
tion. This salt possesses remarkable stability in that the dilute 
acids, hydrochloric or sulphuric, do not at once decompose it, nor 
does ferrous sulphate or oxalic acid, two of the most common 
precipitating agents for gold, reduce it to metallic gold at once. 
All of these reagents do in time or in stronger solutions precipi- 
tate the gold from this thiosulphate compound. The extraction 
of metallic gold from silver ores in the thiosulphate extraction 
process depends on the formation of the double thiosulphate 
(Stetefeldt, “The Lixiviation of Silver Ores with Hyposulphite 
Solutions,” pp. 15, 38). 

These thiosulphate solutions are reasonably stable to iron py- 
rites, but on standing, metallic gold slowly deposits on the pyrites. 
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The sulphite solutions of gold are another example of a means 
in which gold can be held in alkaline solution. Curiously enough 
the double sulphite of gold and ammonium is quite stable, while 
the double gold sulphites of the alkalis are not nearly so stable. 

Von Haase (Chemiker Zeitung, 535, 1869) has studied the 
double sulphite of gold and ammonium. Haase worked in 
ammoniacal solution and was able to crystallize the double salt 
out of solution. The ammoniacal solution as prepared by Haase 
has been made and has been found to be quite stable to iron py- 
rites and to metallic iron. Ammoniacal sulphite solutions have 
been preserved for months in stoppered flasks and when tested 
from time to time by withdrawing small portions and acidifying, 
metallic gold is instantly precipitated. These ammoniacal sul- 
phite solutions when sealed in tubes with iron pyrites or with 
metallic iron deposited no gold in months. 

Both the sodium and potassium gold sulphites have been de- 
scribed by Haase. In solution, these salts are more unstable 
than the corresponding ammonium compound. The sodium as 
well as the potassium gold sulphite solutions yield gold to py- 
rites by a few minutes’ contact. In reality a small quantity of 
the potassium or sodium gold sulphite added to the ammonium 
gold sulphite solution increases very much the instability of the 
latter toward reducing agents; indeed it is only necessary to add 
a small quantity of the sodium or potassium compound to the 
ammonium salt to cause the latter to lose its gold to pyrites prac- 
tically as readily as though no ammonium sa't had been present. 
This tendency on the part of the fixed alkalis to increase the in- 
stability of the ammonium gold sulphite solutions would seem to 
indicate that the sulphite solutions are not so plausible a means 
of transportation of gold in underground waters, inasmuch as 
in most natural waters sodium and potassium salts are present, 
while ammonium salts are found only in traces. Indeed natural 
ammoniacal solutions free from the alkalis are quite unknown. 

The alkaline solutions of gold in the lower form of valence of 
gold, namely the aurous state, present some interesting phenom- 
ena when considered from the viewpoint of transportation of 
gold. 
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The aurous state of gold is produced when the ordinary or 
auric salts are reduced in a certain definite manner. The 
agencies by which this lower state of oxidation of gold can be 
produced are limited. 

Aurous chloride and bromide are produced by the action of a 
moderate heat on the ordinary auric chloride or bromide. Ex- 
periments made recently in this laboratory show that by proper 
control sulphur dioxide, one of the best laboratory reducing 
agents and one of the common reagents used to precipitate gold 
from solution, can be used to effect the reduction of gold from 
the auric to the aurous state. 

When sulphurous acid is added to a neutral or acid solution 
of gold without having present some other salt, it is very diffi- 
cult to stop the reduction of the auric form of gold at the aurous 
state, the tendency being to produce complete reduction with the 
precipitation of metallic gold. If, however, a large excess of 
any of the alkaline chlorides, calcium, magnesium or zinc chlo- 
rides, be present, the reduction of the auric form of gold to the 
aurous state by means of sulphurous acid can be readily con- 
trolled. When an ordinary auric chloride solution is treated 
with a large excess of one of the above mentioned chlorides, 
and the solution then treated with a solution of sulphurous acid, 
the amber yellow color of the auric chloride gradually fades 
until the solution is rendered completely colorless. This colorless 
stage represents the existence of the aurous form of the gold, and 
the gold exists in this solution in all probability as a double aurous 
chloride. 

Solutions of gold prepared in the manner indicated are far 
more stable under certain conditions than the ordinary auric 
chloride solutions. These conditions in which marked stability 
has been observed are somewhat curious. When such a solution 
is kept out of air contact and when no free acid or at most very 
little free acid is present, the solutions are fairly stable; if, how- 
ever, the solution is exposed to the air, gold begins slowly to 
deposit. As far as the experiments have gone on this line, it 
seems a8 though the precipitation of metallic gold from this par- 
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tially reduced solution when exposed to the air is due to autore- 
duction to metallic gold by the oxygen of the air. 

The partially reduced or aurous solution out of air contact is 
far more stable to pyrites than the ordinary or auric compounds. 
Here again is a suggestive solution so far as transportation of 
gold is concerned. 

Of the various means of solution and transportation of gold 
which have been observed, it would appear that the alkaline sul- 
phide solution may with study solve some at least of the problems 
of gold deposits. At all events, a solution is known which will 
not lose its gold to pyrites and yet will transport gold. The 
alkaline sulphides can easily be conceived as important natural 
solvents, and while other alkaline solutions such as the aurous 
solutions possess considerable stability, yet their formation in 
nature would not appear to be so likely as the sulphide solution. 





HYDROTHERMAL ALTERATION OF GRANITE AND 
THE SOURCE OF VEIN-QUARTZ AT THE 


ST. ANTHONY MINE. 
Extwoop S. Moore. 


INTRODUCTION. 


In presenting this article the writer does not claim originality 
for the discussion of hydrothermal alteration, since the works 
of Lindgren, Steidtmann and others on this subject are familiar 
to most geologists. The quartz-veins, however, present some 
rather definite evidence regarding their origin as the analyses and 
figures presented below indicate, and although the subject of 
hydrothermal alteration is not a new one, every additional de- 
scription of rocks illustrating this phenomenon strengthens our 
theories on ore deposition. It is therefore with the hope of 
supplying another example of this type that the following state- 
ments are presented. The writer’s first intention was to make 
this article a comparison of the results of hydrothermal and 
weathering action on granites and with this object in view the 
three analyses on weathered granite were made. It was found 
however that insufficient data was at hand and these analyses are 
given near the close of this discussion in order that they may be 
on record for future reference by those who are interested in 
this subject, although they have no direct bearing upon the title 
of this paper. 

I am indebted to Professor Logo, of the chemistry department 
of the Pennsylvania State College, for the analyses, which were 
made under his supervision. The specimens were chosen so as. 
to be as representative as possible, although such work may 
always be open to the criticism that the amount of rock which 
can be transported for such purposes is limited. 

The St. Anthony is the principal mine in the Sturgeon Lake 
gold field, located in northwestern Ontario. A description of 
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this field, by the writer, was published in the report of the 
Ontario Bureau of Mines,’ in 1911, but since this report was pre- 
pared the chemical analyses and other data have been obtained 
and presented here for the first time. 


THE GEOLOGY IN THE VICINITY OF THE MINE. 

The formations in the vicinity of the mine are all pre- 
Cambrian and consist chiefly of igneous rock. The mine is 
situated on the contact of a great mass of granite and a large 
area of Keewatin greenstones, acid eruptives, and schists, the 
latter derived mostly from metamorphosed graywacke. The 





Fic. 89. Showing numerous fragments of Keewatin basic rock in the granite. 


granite, known as the Sturgeon Lake granite, intrudes all of the 
Keewatin rocks and has usually been considered of Laurentian 
age, although it may be later. A mile or more from the contact 


*“The Sturgeon Lake Gold Field,” Ont. Bur. of Mines, Vol. XX., pp. 
133-157. 
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the composition is typical of granite but as the contact is ap- 
proached the rock becomes more basic, evidently on account of 
the absorption of considerable basic Keewatin rock. Evidence 
of the “stoping” action of the granite is well illustrated in Fig. 
89, which shows numerous fragments of the basic rock in the 
granite. The composition of the basic phase is that of a grano- 
diorite and in many places it is strikingly porphyritic. 

The veins in the area consist chiefly of quartz but calcite and 
siderite are also found, the two latter being more common in the 
basic schists than in the granite. The greater amount of these 
minerals in the schists is probably due to the fact that the feldspar 
supplied considerable of the calcium and also because the basic 
action of the wall rocks tended to precipitate the calcite from 
the solutions in the vein by mass action. The ore consists of 
pyrite, free gold, sphalerite, galena, and chalcopyrite and the pro- 


portion of free-milling gold to the concentrates decreases with 
depth. 


DESCRIPTION OF THE GRANITE AND QUARTZ-VEINS. 


The granite of the main area is of ordinary type. It contains 
orthoclase, microcline, albite, quartz, and biotite, with pyrite as 
the chief accessory mineral. There are spots however which 
are higher in soda than the main mass and this is particularly 
true near the contact with the Keewatin rocks. The absorption 
of the Keewatin seems not only to have increased the sodium 
content but also to have caused a disturbance in the chemical 
equilibrium of the granite magma which resulted in a consider- 
able amount of differentiation. The granite is also strongly 
porphyritic in the disturbed area due to the conditions of cooling 
and saturation of the magma by the sodic feldspar compound, 
which formed the phenocrysts. A specimen (No. 289) taken on 
St. Anthony bay, one quarter mile from the mine, showed the 
following composition. 
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In this analysis the high percentage of alumina and sodium arid 
the low percentage of silica and potash are striking features. 
The mineralogical content shows orthoclase, albite, biotite and 
quartz. The albite is comparatively fresh but the orthoclase is 





Fic. 90. Quartz veins in the granite at the St. Anthony mine. 


more altered and pitted with flakes of sericite. The rock has 
suffered some regional metamorphism. 

Extending along the contact between the granite and Keewatin 
there is a greatly disturbed zone where numerous fissures were 
formed in the granite by the contracting of the rock on cooling 
and by its shrinking away from the adjacent rocks at the contact. 
These fissures are filled with quartz-veins or quartz and feldspar 
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dikes. At the St. Anthony mine and extending a quarter of a 
mile to the westward the granite has been completely shattered 
and filled with a network of quartz-veins. These are extremely 
irregular and have the appearance of having segregated from the 
granite, since they grade over and are lost in it (Fig. 90). 

One large vein which has been mined for a width varying from 
10 to 25 feet begins in the granite and follows a fissure in the 
Keewatin schists to the lake shore. This vein has irregular walls 
in the granite and is connected with numerous smaller veins. 

While the granite has all suffered considerably from ordinary 
weathering, the remarkable change in its appearance close to the 
fissures in this particular area seems to leave no doubt that a 
large amount of hydrothermal action has taken place since the 
rock has been almost completely altered to a protogene, 1. ¢., a 
rock consisting of quartz and muscovite. The extent of the 
alteration varies greatly, since it may be observed from an inch 
to 10 or 12 feet from the veins. The chief sulphides which 
occur in the veins are pyrite, galena, sphalerite, and chalcopyrite 
and the gold accompanies these except when separated by 
secondary enrichment processes. The pyrite is undoubtedly 
pyrogenetic in the granite and in close proximity to the veins 
seems to have been leached out to some extent and carried into 
the veins with the quartz, since it is more plentiful in many other 
places in the granite than close to the veins. In other cases the 
vein walls are impregnated with the sulphides. 


ALTERATION OF THE GRANITE. 


To obtain data on the changes produced by the solutions which 
circulated in the fissures described above, several specimens were 
collected of which chemical analyses were made. The first (No. 
337) was taken far enough from the vein to obtain what appeared 
to be the freshest type of granite in the vicinity. It shows a 
little sericite, pyrite, and chlorite, but it is remarkably different 
from the highly altered type next described. The third (No. 
335) was obtained close to the vein and it consists of a yellowish- 
green, almost greasy mass of scaly mica, believed to be both 
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sericite and paragonite, impregnated with quartz stringers. The 
rock might be called a protogene. The second specimen (No. 
336) was taken between the other two and represents an inter- 
mediate stage in alteration. From these rocks the following 
analyses were obtained. 
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Analysis I. was made from specimen No. 337, the fresher 
rock ; II. from 336 the intermediate type; III. from 335, the most 
highly altered type; and IV. from 335 after as much of the vein- 
quartz as could be conveniently removed was extracted before 
grinding. The object in making the latter analysis was to de- 
termine whether much silica had been introduced into or sub- 
tracted from the granite in the development of the veins. The 
result would indicate that there was considerable loss of silica and 
it also shows that the iron and possibly the sulphur are chiefly in 
the unaltered granite or in the veins, having been leached from 
the granite forming the vein walls. 

A comparison of the analyses shows a regular decrease in the 
silica content of the granite indicating a transfer to the veins. 
An increase in alumina may be accounted for in the large increase 
in sericite which carries 38.5 per cent. compared with 18.4 per 
cent. in orthoclase, the mineral which has been replaced and which 
formed a large portion of the original rock. The difference in 
silica and potash may also be explained on the assumption that 
if the alumina of the orthoclase remain ‘constant considerable 
silica and potash would be lost in the transformation of ortho- 
clase into sericite, since the former carries 64.7 per cent. of silica 
and 16.9 per cent. of potash compared with 45.2 and 11.8 per 
cent. of these constituents in the latter mineral. 
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The high percentage of soda and low percentage of potash 
shown in the analyses indicate that the greater portion of the 
scaly mica must be paragonite instead of the sericite which com- 
monly occurs as the alteration product of granite, since the most 
highly altered specimen shows no other mineral which could 
carry the soda in quantity. Sericite and paragonite cannot 
readily be distinguished under the microscope and the appearance 
of the rock favors the occurrence of paragonite instead of sericite 
in so far as various descriptions of the two minerals show any 
difference in character. The descriptions given above for the 
percentage changes involved in the transformation of orthoclase 
into sericite would hold equally well, although in different pro- 
portions, for the alteration of albite into paragonite. 

The decrease in potash and silica and increase in soda seems 
to be contrary to the conditions specified by Mr. Steidmann in 
his article on the alteration of rocks... There is a regular de- 
crease in lime as stated by this author and an increase in iron 
seems to be due to the introduction of sulphides in the veins. 
While some of the results obtained from these analyses better 
fit the conditions usually produced by ordinary weathering ac- 
tion, others are quite contrary to them and it must be accepted as 
an irregular case or one in which hydrothermal and weathering 
actions have combined. From statements previously made there 
seems to be no doubt that hot solutions have influenced to a large 
extent the rocks close to the veins. 

A microscopic study of the rocks analyzed gives the following 
mineralogical compositions. No. 337, the fresh specimen, con- 
tains albite, in large amount, orthoclase, quartz, muscovite, apatite 
and pyrite. The orthoclase shows slight evidence of the de- 
velopment of sericite while the albite is comparatively fresh. A 
few small irregular crystals of apatite are seen and the pyrite is 
largely altered to limonite. The pyrite has every appearance of 
being pyrogenetic in the rock. In one case limonite occurred as 
small, cubic pseudomorphs after pyrite. The muscovite exists 


1“ A Graphic Comparison of the Alteration of Rocks by Weathering with 
their Alteration by Hot Solutions,” Econ. Grot., Vol. 3, pp. 381-407. 
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in two forms, the scaly sericite variety occurring chiefly in cracks, 
and larger laminze of the ordinary type scattered throughout the 
section. A little chlorite is associated with the mica in some of 
the cracks. Since the texture of the specimen is similar to that 
of an ordinary granite no illustration is shown. 





Fic. 91. A section from specimen 336 showing the complete transforma- 
tion of orthoclase into sericite, only the crystal outline of the feldspar remain- 
ing. Crossed nicols (XX 45). 


In specimen 336 the feldspars have nearly all decomposed, 
only a little microcline remaining. They have almost entirely 
changed to sericite or paragonite and free quartz, in some cases 
the outlines of the former crystals being preserved in the scaly 
mica (Fig. 91). The latter mineral also lies along cracks while 
flakes of muscovite are scattered throughout the section. Several 
crystals of apatite, highly fractured and surrounded by quartz 
and scaly mica, the latter often filling the cracks in the apatite, are 
seen. A stain of iron oxide along planes of weakness is common 
and a few very small fragments of pyrite, showing a coating of 
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limonite, or completely replaced by the latter, are sprinkled 
through the slide. There is very little evidence of any kaolin 
developed in this rock. 





Fic. 92. A section from specimen 335 showing the segregation of the quartz 
into stringers. Crossed nicols (x 45). 


The chief difference between the thin section from specimen 
335 and that from 336 lies in the loss of all evidence of feldspars, 
including their crystal outlines, and the recrystallization of the 
quartz, together with a tendency for the latter to segregate into 
stringers (Fig. 92). No apatite was seen and only one small 
speck of pyrite which showed comparatively little alteration. 

The appearance of the specimens described above suggests a 
strong resemblance to some of the descriptions of rocks quoted 
by Lindgren in his well-known paper on “ Metasomatic Processes 
in Fissure-Veins.” In Vogelgesange’s description of the Frei- 
berg veins he speaks of the silvery white color of the mica con- 
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nected with a chloritic appearance and this is very characteristic = 
of these specimens.!. As already stated the analyses would indi- ve 





cate that much of this mica must be paragonite, the soda variety. per 
The conclusions reached regarding the alteration of the granite =e 
around the St. Anthony mine are as follows: The most im- Mg 
portant changes in chemical composition are in the loss of silica 
which seems to have served, to some extent, to build up the 
quartz veins; the relative increase of alumina, the loss of calcium, Ate 
potash, and sulphur, and the increase of iron and soda. The — 
chief mineralogical changes are in the alteration of the feldspars 
to scaly mica, sericite and paragonite; the recrystallization of the 
quartz and its partial segregation into veins; the oxidation of orc 
the pyrite and its removal, to some extent, from the rocks ad- pat 
jacent to the veins; the introduction of sulphides with the vein- the 
quartz. mit 
As stated in the introduction to this paper the following chem- anc 
ical analyses of granite altered by weathering action are given is ; 
here chiefly for record, since they do not bear directly upon the tho 
subject of this paper. The specimens were collected near Black Th 
Sturgeon river, which enters Black bay on Lake Superior, and to 


for the purpose of studying the transformation of some of the 
Laurentian granite to Keweenawan shale. There is good evi- 
dence that some of this shale has been formed by the decomposi- 
tion, in situ, of the granite, since there is a gradual gradation 
from the solid granite through decomposed granite to a shale and 
sandstone. The increase in silica in the analysis of specimen 
No. 408 is due chiefly to the introduction of a few sand grains 
and the increase in iron is due to seepage from overlying rocks. 
The specimens illustrate very well the terrestrial character of at 
least some of the Keweenawan sediments, but they proved rather 
unsatisfactory for chemical analyses, unless a great amount of 
rock could be treated, on account of the very irregular texture 
of the granite. 
The results of the analyses are as follows: 


* Transactions Amer. Inst. Min. Eng., Vol. XXX., pp. 659-660. 
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No. 403 is the least altered specimen and the others run in 
order, No. 408 being a reddish shale and 407 partly shale and 
partly granite. The chief mineralogical changes produced in 
these specimens are the decomposition of the ferro-magnesian 
minerals with the development of chlorite and its final disappear- 
ance and the change of the feldspar to sericite and kaolin. There 
is a greater tendency for kaolin to form in these rocks than in 
those described above which have been altered by hot solutions. 
The potash feldspar is almost invariably the first of the feldspars 
to show decomposition. 








THE GEOLOGY OF THE GRAPHITE DEPOSITS OF 
PENNSYLVANIA. 


BENJAMIN L, MILLER.” 
LOCATION. 


The graphite deposits of Pennsylvania are located in the Pied- 
mont Plateau of the southeastern part of the state and are con- 
tained in greatly metamorphosed pre-Cambrian and early Paleo- 
zoic rocks. These rocks are represented in the following ten 
counties: Northampton, Philadelphia, Lehigh, Berks, Mont- 
gomery, Chester, Delaware, Lancaster, and York. Graphite has 
been found in all but the last-named county, while mines or 
prospects have been opened in Chester, Berks, Lehigh, and Bucks 
counties. For several years all operations have been confined 
to the valleys of Pickering and French creeks, Chester County, 
lying within the Phoenixville quadrangle of the United States 
Geological Survey. 


HISTORY. 


It is not known when graphite was first mined in Pennsylvania, 
but there seems to be little doubt but that the deposits of Bucks 
County were worked about the middle of the eighteenth century. 
The locality is about three fourths of a mile north of the present 
village of Trevose. In the early part of the last century the mine 
was re-opened though little work was done. Some deposits a 
short distance east of the present town of Langhorne were also 
worked at an early date. 

In Chester County the first graphite mine to be opened was 
near Pughtown near French Creek. Rogers, in his final report 
on the “Geology of Pennsylvania,” published in 1858, gives a 
brief description of the workings, the cleaning of the flake, and 


*Published with the permission of the State Geologist of Pennsylvania. 
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the uses of the material. About the same time a mine was 
opened about one mile east of Vera Cruz station, Lehigh County, 
which was at first operated for gold but later for graphite. The 
pyrite and marcasite associated with the graphite were either 
mistaken for gold or else contained small amounts of gold. 

Although we lack information concerning the early attempts 
to mine graphite in Pennsylvania, it is probable that the entire 
amount mined prior to 1870 was of little consequence. During 
the seventies, however, there was an increase of interest in 
graphite mining and several mines were opened near Boyertown, 
Berks County, and in Pickering Valley, Chester County. Dur- 
ing the eighties, several graphite mines in Chester and Berks 
counties were worked intermittently but with small production. 
The boom in the graphite industry began about 1895 and for 
the succeeding twelve years many graphite mines were opened 
in Chester, Berks, and Lehigh counties and many more localities 
prospected. During that period several of the mines were 
operated on a profitable basis but the business, as a whole, suf- 
fered greatly through unscrupulous promoters and poor business 
management. Within the past few years the industry has de- 
clined considerably and at present there are only two mines in 
operation, both located in Chester County. The reason for the 
decrease of operations is due almost entirely to the difficulties 
encountered in the separation of the graphite from its associated 
minerals. The supply of graphite-bearing rock is practically in- 
exhaustible, but the concentration of the flake presents problems 
that have not as yet been economically solved by most of the 
producers. The market for the finished product has also been 
somewhat unreliable. Nevertheless, Pennsylvania for many 
years has occupied second rank in the list of the graphite-pro- 
ducing states of the Union. Its production is exceeded only by 
that of New York, in which state the graphite comes almost 
entirely from one mine, extensively worked by the Dixon Crucible 
Company. 
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DESCRIPTIONS OF THE CONTAINING ROCKS. 

The graphite deposits of Pennsylvania are confined entirely to 
sedimentary rocks that have undergone a great degree of meta- 
morphism, or to igneous dikes that cut such rocks. In increas- 
ing order of importance the graphite is found in sandstones, 
gabbros, limonite iron ores, basic gneisses, crystalline limestones, 
and acid gneisses. Numerous pegmatite dikes are intimately 
associated with the last-named group of rocks. Thus far 
graphite in paying quantities has been found only in the crystal- 
line limestones and the acid gneisses. 

Sandstone.—In northern Chester County Dr. E. T. Wherry 
has reported the presence of graphite in Cambrian sandstone. 
The occurrence is of interest because of the statement, frequently 
made, that graphite does not occur in unmetamorphosed sedi- 
ments. Emerson also has described’ an unmetamorphosed 
Triassic sandstone in Massachusetts that contains “scales of 
graphite in considerable number.” In both cases the graphite 
was obtained from nearby metamorphic rocks of greater age. 

Gabbro.—Gabbro dikes cut the graphite-bearing sedimentary 
rocks in many places and in several places graphite has been noted 
in the outer portions of such dikes. Some specimens of this kind 
were obtained from the old graphite mine near Trevose. There 
is no doubt but that the carbon was picked up and included within 
the igneous rocks in its passage through the sediments in which 
carbonaceous matter was present. The graphite is in rather 
large flakes of good quality. 

Limonite Iron Ores.—As will be described later, the graphitic 
gneisses of Pennsylvania carry considerable pyrite and pyrrhotite 
which on surface oxidation form limonite. In several places in 
the Pickering Valley of Chester County residual limonite iron ore 
deposits have been formed by the decomposition of the gneisses at 
the surface and the concentration of the limonite derived from the 
iron sulphide minerals. In the decomposition of the original 
rocks graphite is the only mineral that has remained unchanged. 
Even the greater portion of the quartz has been removed and the 


Monograph No. XXIX., U. S. Geol. Survey, p. 365. 
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residuum consists of yellow clay, nodules of limonite, and flakes of 
graphite that are abundant in both the clay and the iron ore. In 
one instance an attempt was made to concentrate the graphite 
from the residual clay that had been washed out of the iron ore by 
log washers when the iron mines were in operation, but the 
project was not successful. The flakes are of average size and 
bright, having apparently undergone no change in the decomposi- 
tion of the containing rocks. 

Basic Gneisses—In several places in Berks County basic 
gneisses have been observed in which there are abundant flakes of 
graphite. In the waste heaps of the Bittenbender iron mine one 
half mile northeast of Seisholtzville, a variety of rocks was ob- 
served. Some specimens were found composed of plagioclase, 
quartz, augite, and flakes of graphite one-eighth inch in diameter ; 
others composed of massive hornblende, augite, hypersthene, and 
graphite ; some composed of dark red garnet, hornblende, augite, 
and graphite. Still other specimens consisted of massive magnet- 
ite with occasional partings of graphite. In no other place in the 
state has such a variety of graphitic rocks been observed, so that 
it is especially unfortunate that the mine is no longer accessible 
and the relations of these various rocks remain unknown. 

One mile south of Seisholtzville there is an iron ore prospect 
in a dark-colored banded gneiss composed of plagioclase, quartz, 
hornblende, biotite, magnetite, garnet, pyrite, and graphite. 

Although the graphite of the basic gneisses is in the form of 
large flakes the basic gneisses seldom, if ever, carry sufficient 
graphite to make them desirable. Besides, the flakes are in most 
cases rather thick and consequently separated with difficulty from 
the associated minerals by the ordinary flotation processes. 

Crystalline Limestone.—The limestone in which graphite is 
found is a coarsely crystalline calcareous rock that outcrops in 
many places in the state. The Second Pennsylvania Geological 
Survey called it “sparry limestone.” Because of its purity it was 
formerly quarried in many places in Northampton, Bucks, and 
Chester counties and burned for lime. With the gradual de- 
cline of local limestone-burning for fertilizing purposes, these 
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quarries have been abandoned and at present the rock is not 
utilized. 

In the Trenton folio of the United States Geological Survey 
Miss Bascom has designated this formation, “Franklin lime- 
stone,” correlating it with the pre-Cambrian formation of that 
name that contains the valuable and unique zinc deposits’ of 
Franklin Furnace, New Jersey. On lithologic grounds there are 
good reasons for such a correlation since specimens from various 
localities in Pennsylvania could not be distinguished from similar 
materials quarried in the Franklin Furnace region. The geologic 
occurrence of the crystalline limestones of the Trenton region 
also seems to agree with that of the Franklin formation of New 
Jersey. There is, however, some doubt as to whether it should 
be regarded as a distinct formation. There is evidence that 
seems to indicate that it is merely a phase of the graphitic 
gneisses. The question will be further discussed in connection 
with the description of these gneisses on a later page. 

This limestone is very coarse-grained. In certain places the 
individual particles are as much as an inch in diameter. 
Graphite, or graphite and phlogopite, in small thin flakes about 
one-eighth inch in diameter are rather evenly distributed through- 
out the rock with no apparent order of arrangement. This 
is especially noticeable where the limestone contains no other 
mineral impurities. In certain places, however, the crystalline 
limestone is decidedly impure, containing many basic silicate 
minerals arranged in approximately spherical segregations vary- 
ing from a few inches to several feet in diameter. The graphite 
associated with such segregations is, in most cases, in much 
larger flakes. Some of the flakes are one-half inch in diameter, 
and many of them show distinct hexagonal outlines. 

No bedding places can be observed in these rocks, consequently 
their structure and thickness are not determinable. Judging 
from their restricted outcrops, they are probably not more than 
a few hundred feet thick. 

Although the graphite flakes of the crystalline limestones are 
fairly large, thin, and tough, they are of little economic impor- 
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tance as sources of graphite because of their low graphitic con- 
tent. No attempts have been made to work them for graphite 
and probably never will be, although similar rocks were at one 
time worked near Ticonderoga, New York. 

Acid Gneisses.—The most important graphite-bearing rocks of 
Pennsylvania are acid gneisses that are well developed in many 
places in Bucks, Lehigh, Berks, and Chester counties. All the 
successful graphite operations of the state have been confined 
to such rocks. 

In mapping the crystalline rocks of the Trenton quadrangle 
Miss Bascom included the graphitic gneisses in the Baltimore 
gneiss but in her geologic map of the Phoenixville quadrangle, 
which will later be published as part of a folio by the United States 
Geological Survey, she proposes to separate the graphitic gneisses 
from the non-graphitic gneisses of the Baltimore formation. 
She has suggested the name “ Pickering gneiss” for the graphitic 
gneisses and by that name they will be designated in this article. 

The Pickering gneiss is a metamorphosed pre-Cambrian sedi- 
ment that is composed primarily of feldspars, both orthoclase 
and plagioclase, quartz, biotite mica, hornblende, calcite, and 
much graphite. Less common constituents are pyrite, pyrrhotite, 
magnetite, and their alteration products, limonite, epidote, zoisite, 
chlorite, allanite, titanite, zircon, sillimanite, and garnet. 

The rock is extremely variable both in mineralogical composi- 
tion and in texture: some layers consist almost entirely of feld- 
spar and quartz; some lenses observed in the underground work- 
ings of the Continental (Acme) mine are practically quartz 
schists; some layers or lenses contain much biotite and no 
graphite; some both graphite and biotite; while others show an 
absence of both these minerals. Certain layers carry so much 
calcite that the rock might be called a calcareous gneiss. The 
calcareous phases have not been observed at the surface but are 
well exhibited in the deeper parts of the Pennsylvania and Con- 
tinental mines near Byers. 

The basic silicates or iron minerals are almost always present 
and the soils of the Pickering gneiss are almost invariably stained 
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red by the limonite and hematite resulting from their decomposi- 
tion. For this reason, the soils can be used in mapping even 
where no outcrops occur. In Pickering Valley several limonite 
mines were formerly worked in the graphite gneiss and the wash- 
ings from these mines contain much graphite, as do also the 
limonite nodules. The miners early recognized the relation be- 
tween the graphite-bearing beds and the iron-ore bodies. Ob- 
servations seem to show greater amounts of pyrite and pyrrhotite 
in the beds containing most graphite, so it seems very probable 
that the graphite, or the carbonaceous matter that gave rise to 
the graphite, caused the original precipitation of the iron sul- 
phides by the reducing action of the carbon. Later the iron 
sulphides formed the brown iron ore deposits through their de- 
composition by oxidation and the segregation of the oxidized 
products. In the open cuts of the Pennsylvania and of the 
Pettinos Brothers’ mines at Byers the different stages in the 
process can be plainly seen. 

The gneiss shows banding in most places, due to the parallel 
arrangement of the minerals, particularly the mica and graphite, 
and to partial segregations of the light and dark minerals in more 
or less distinct lavers. Ina few places the rock is even schistose 
in appearance. ; 

That the Pickering gneiss has undergone intense squeezing 
is shown by the complicated dips and strikes of the beds and by 
the numerous faults. Slickensided surfaces are encountered 
frequently in almost all the mines and it is not unusual to have 
the rich graphite-bearing layers faulted to such an extent that 
they cannot be followed. Faults both parallel to the beds and at 
almost right angles to them have been encountered in close 
proximity in the Pennsylvania Mine at Byers. 

Dikes of igneous rocks have been encountered in several places 
in the Pickering gneiss. In the quarry of the American Flake 
Graphite Company a dike of basic rock varying from three to 
eight feet in thickness cuts across the beds vertically. It is so 
badly decomposed that it is difficult to determine the original 
character of the rock. A little graphite obtained from the beds 
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through which the dike was intruded was noticed in the outer 
portion but the interior of the dike is barren. 

The graphite gneiss readily undergoes decomposition and in 
most mines in the state is so thoroughly decayed even at the 
lowest levels worked that the crushing of the rock is an item of 
small expense. There are exceptions to this, however. 

The graphite of the Pickering gneiss occurs in three forms: 
(1) as an important constituent of the rock evenly disseminated 
in interlocking grains with the other rock minerals, (2) in peg- 
matites, and (3) in small veins. 

1. The graphite, evenly disseminated throughout the rock, 
constitutes the bulk of the graphitic material of the Pickering 
gneiss and is the main source of supply. As stated above, some 
layers of the Pickering gneiss contain little or no graphite, while 
others contain so much mica accompanying the graphite that it is 
unprofitable to work them. An attempt was made to trace the 
workable beds of graphite throughout the Pickering Valley, but 
without much success. Some evidence has been obtained to indi- 
cate that the graphite bed worked by the Federal Graphite Com- 
pany is a persistent bed that continues westward several miles and 
is the one worked in the Pettinos Brothers’ mine, and the Penn- 
sylvania mine, but the evidence is not conclusive. Certainly 
graphite flakes can be found in the soil all along a line drawn 
to connect those mines, but more exploratory work is necessary 
before it can be proved that the same bed extends so far. The 
Anselma mine seems to be sunk on a different bed, as do each 
of the other mines. It seems probable that rich and poor 
graphite-bearing beds in the form of more or less persistent 
lenses occur in many places throughout the Pickering gneiss. 

The richer graphite-bearing beds are in some places sharply 
separated from the non-graphitic beds but more frequently one 
observes a gradual diminution in the amount of the graphite in 
the overlying and underlying strata. The thickness of the beds 
rich enough to warrant working varies greatly in the different 
mines. In some places the workable beds are only six to ten feet 
in thickness and two or more beds may be worked in the same 
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mine, while in other mines the total thickness of workable ma- 
terial in the bed has not been determined but it is more than one 
hundred feet. Naturally in the thicker beds there is somewhat 
more variation in the graphite content than in the thinner ones. 

The amount of graphite contained in the Pickering gneiss 
varies so much that it is difficult to make any statement of the 
average percentage. One operator in the Pickering Valley dis- 
trict claims that the rock worked for graphite contains an 
average of about three per cent graphite; another maintains that 
the average is six per cent to seven per cent; while individual 
mine operators claim that the ore which they work contains an 
average of ten per cent. Picked specimens have been analyzed 
and have yielded even higher percentages. Because of the 
marked variation in amount and the limited number of analyses 
available it is only possible to make a comparatively rough esti- 
mate. It seems probable that the average graphite content of the 
rock varies from three per cent to five per cent of which about 
eighty per cent is recovered. 

The graphite flakes of the Pickering gneiss seldom show hexag- 
onal outlines such as those found in the limestone. They are 
thin, are arranged parallel to the bedding planes, and, in the 
main, vary in diameter from one-sixteenth to one-eighth inch, 
with the average probably about the mean of the two. In cer- 
tain places the flakes are even larger than one-eighth inch in 
diameter and occasionally rather thick flakes are encountered. 
The thick flakes are less desirable because of the difficulty of 
recovering them by the flotation processes of concentration. The 
physical texture of the flakes also varies. In some places the 
individual particles of the flakes are so loosely bound together 
that in milling they are apt to be ground to a powder, while 
others are harder and firmer and can be cleaned much more 
effectively. 

2. The second method of occurrence of the graphite of the 
Pickering gneiss is in the pegmatites that are abundant in almost 
every locality. In no mine have the pegmatites been worked 
exclusively as the source of the graphite. On the other hand, 


GRAPHITE DEPOSITS OF PENNSYLVANIA. 771 


there are few mines where the pegmatites have not yielded a 
considerable amount of the mineral. 

The pegmatites vary in width from a few inches to fifteen 
feet or more and have a considerably greater length. They are 
mainly enclosed between beds of the gneiss, having the same dip 
and strike as the adjoining strata. However, it is not at all 
unusual to find the pegmatites cutting across the gneiss beds. 

The pegmatites of the Pickering gneiss are so coarse-grained 
that they are readily distinguished from the enclosing layers of 
gneiss. They consist almost entirely of gray orthoclase and 
quartz in grains varying from one-fourth inch to one inch in 
diameter. The graphite present is also in large thick flakes, 
many of which are one inch or even more in diameter. In some 
of the pegmatites the graphite is found evenly distributed 
throughout the feldspar and quartz with the flakes oriented in all 
directions, but in others the graphite occurs in bunches of curved 
flakes. Many of the pegmatites contain graphite only in the 
outer portions while the interior is entirely devoid of it. This 
seems to indicate the surrounding rocks as the source of the 
graphite. The pegmatites were doubtless formed at the time 
that the region was squeezed, folded, and faulted, and the car- 
bonaceous matter of the original rocks converted into graphite. 
If that is the case, the aqueo-igneous matter which formed the 
quartz and feldspars of the pegmatites picked up the carbonaceous 
matter of the rocks through which it passed, and, under the action 
of great heat and much aqueous vapor, caused the carbon to 
crystallize in large flakes in the outer portions of the mass. 
Where the graphite occurs throughout the entire pegmatite body 
and shows no regular arrangement of the flakes it seems probable 
that the carbon in some form, perhaps as CO or CO,, was an 
original constituent of the mass, as were the materials that gave 
rise to the quartz and feldspars. 

Although the richest specimens of graphite can be obtained 
from the pegmatites, these bodies are of comparatively little 
economic importance. The average percentage of graphite is 
probably slightly less than in the surrounding rock and the 
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graphite is of poorer quality. Bunches of practically pure 
graphite an inch or more in thickness may be obtained but the 
material is so friable that in the milling it is practically reduced 
to a powder and either lost or else recovered in the form of dust, 
the least valuable product. Also some of the thicker pieces are 
heavy enough to sink with the quartz and feldspars and pass into 
the tailings. 

3. The third way in which graphite occurs in the Pickering 
gneiss is in the form of veins. These are not common although 
they have been observed in the old dumps of the abandoned mine 
near Trevose and in several of the mines near Chester Springs 
and Byers. No veins of greater thickness than three-fourths inch 
have been observed, although larger ones have been reported to 
occur. 

The graphite in the veins is practically pure but less lustrous 
than that occurring as disseminated particles through the gneiss. 
It occurs in the foliated form with the plates or leaves project- 
ing outward at approximately right angles to the walls of the 
enclosing rock. The leaves are somewhat curved and resemble 
closely the Ceylon graphite. They were doubtless formed in the 
same way. ‘These veins are so infrequent that they are of little 
economic importance in the graphite region of this state. 


RELATIONS OF THE CRYSTALLINE LIMESTONES AND THE 
GRAPHITIC GNEISSES. 


In the above discussion the Franklin Limestone and Pickering 
Gneiss have been treated as separate formations and it is prob- 
ably advisable to map them as such because of their different 
economic uses. Also in many places there seems to be a sharp 
line of separation between them. In other places, however, it is 
not possible to draw a sharp line and we have calcareous graphitic 
gneisses that might with equal reason be placed in either forma- 
tion. We seem to have a duplication of the Grenville series of 
the Adirondack region where limestones, gneisses, schists, and 
quartzites occur in almost inextricable relationships. The work- 
able graphite deposits of New York are contained in the Gren- 
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ville rocks, mainly in the quartzites. These rocks are believed to 
represent the metamorphic products of calcareous or siliceous 
shales. <A similar explanation seems satisfactorily to explain the 
Franklin limestone and Pickering gneiss of Pennsylvania. 

According to the above view, the two formations were formed 
originally as contemporaneous sediments that varied in different 
places. In some localities fairly pure limestone was being de- 
posited while in adjacent regions were accumulating calcareous 
muds or siliceous muds in which there was little or no calcareous 
material. When these sediments were later metamorphosed the 
beds composed mainly of calcareous matter formed the rocks 
called the Franklin limestone; the calcareous muds gave rise to 
the calcareous graphitic gneisses observed in the underground 
workings of the Pennsylvania and Continental (Acme) mines; 
the muds with little calcareous matter formed the bulk of the 
Pickering gneiss; and the more siliceous sediments formed the 
quartz schists such as occur in the lower levels of the Continental 
(Acme) mine and which contain only very small amounts of 
graphite. The quartz schist or quartzite phase is not well repre- 
sented in Pennsylvania, while in New York it forms perhaps the 
most important member of the Grenville series from an economic 
standpoint. 

On the surface the relations described above are not readily 
apparent because of the solution by percolating waters of the 
greater part of the calcareous matter in the originally calcareous 
graphitic gneiss. We thus have outcropping only the two kinds 
of materials, the relatively pure crystalline limestone and the 
decomposed graphitic gneiss, consequently the line of separa- 
tion between them seems to be rather sharp. Underground, 
however, where solution has been less effective, the two grade into 
each other through the calcareous gneiss. 

Although bedding planes are not apparent in the Franklin 
limestone, it seems probable that the limestone and gneiss are 
conformable. This conclusion is based on the fact that the lime- 
stone occurs in lenticular masses with the greatest length parallel 
to the strike of the gneiss beds in some localities. If it were 
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possible to obtain the necessary data, it would probably be found 
that such relations exist in other places as well. If, then, we can 
prove that the two formations are conformable, with the Frank- 
lin limestone intercalated within the Pickering gneiss, we have 
sufficient evidence for the view expressed above that the two are 
of contemporaneous origin and represent merely different litho- 
logic phases of the same series of sediments. 


ORIGIN OF PENNSYLVANIA GRAPHITE. 


The graphite of Pennsylvania is believed to be of organic 
origin, with the possible exception of that found evenly dis- 
seminated throughout the pegmatites or that occurring in veins, 
and the rocks in which the graphite occurs are believed to be 
altered sediments. Certainly all evidence at hand seems to indi- 
cate that the graphite disseminated throughout the limestones 
and gneisses in the form of flakes has been derived from the 
carbonaceous remains of plants or animals, probably chiefly of 
the former. Also in the case of those pegmatites in which the 
graphite occurs near the peripheries it seems probable that the 
carbonaceous material was derived from the adjacent sediments. 
The vein graphite and also the graphite evenly distributed 
throughout the pegmatites may, however, be of inorganic origin. 

The sediments that have given rise to the Franklin limestone 
and Pickering gneiss were probably shallow-water marine de- 
posits, as is indicated by the variation in lithological composition. 
Such conditions would furnish favorable places for the growth 
of marine plants whose remains would be enclosed in the strata. 
Later, when earth adjustments took place and the strata were 
squeezed and folded, the resulting pressure and heat probably 
converted the amorphous carbon into crystalline graphite. 

Regional or dynamic metamorphism has been the main cause 
of the formation of the Pennsylvania graphites, but the effect of 
contact metamorphism is also apparent. The numerous pegma- 
tite dikes that have been injected into the gneisses to such an 
extent that in many places they are properly called “injection 
gneisses” have also been effective, as is proved by the presence 
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of larger flakes of graphite in their immediate vicinity than else- 
where in the gneiss. 


SUMMARY. 


Graphite occurs in many places in the Piedmont Plateau 
crystalline rocks of southeastern Pennsylvania and has been 
mined in Chester, Berks, Lehigh, and Bucks counties. The 
earliest known operations date back to about the middle of the 
eighteenth century, but little mining seems to have been done 
prior to 1870. From 1895 to 1907 the graphite industry at- 
tained its maximum development, although some mines have been 
operated each year since 1907. 

The rocks carrying graphite arranged in increasing order of 
importance consist of sandstones, gabbros, limonite iron ores, 
basic gneisses, crystalline limestones, and acid gneisses. Up to 
the present time the only successful mines have been worked in 
the acid gneisses. These graphitic gneisses are known as the 
Pickering gneiss. The graphite occurs in them in three forms: 
(1) as an important mineral constituent of the rock, (2) in 
pegmatites, and (3) in small veins. Most of the commercial 
graphite is obtained from rocks in which it is present in the first 
mentioned form. 

The Pennsylvania graphite deposits have originated through 
the regional metamorphism of shallow-water marine sediments, 
although there is evidence to show that contact metamorphism 
has also been effective. 
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DISCUSSION 


This department has been established by the editors in order to afford 
to those interested in questions relating to economic geology an opportunity 
for informal discussion. Contributions are cordially invited either in the 
form of discussion of more formal papers appearing in earlier numbers or 
bearing upon matters not previously treated. Letters should be directed to 
the Editor, Sheffield Scientific School of Yale University, New Haven, Conn. 
The full name of the author should be attached to all communications. 


THE PLANE-TABLE IN GEOLOGIC MAPPING. 


A LIGHT PLANE-TABLE EQUIPMENT FOR USE IN GEOLOGIC AND 
TOPOGRAPHIC MAPPING. 

Sir: In the February-March number of Economic Gro.ocy? 
Mr. F. L. Ransome discussed the use of the plane-table in 
precise geologic mapping on an accurate topographic base. He 
expressed the hope that his initial paper would call forth a dis- 
cussion of the use of the plane-table in geologic mapping under 
other conditions. 

In the course of mapping several small areas of complex 
geology and extremely rugged topography, equipment, and 
methods of procedure differing somewhat from those described 
in Mr. Ransome’s paper were used. In the hope that a descrip- 
tion of this simple and inexpensive equipment may prove of 
value to others engaged in work of a similar nature, the follow- 
ing notes are offered. 

Conditions necessitated the use of large scale maps—z2o0 and 
400 feet tothe inch. In general the topography of an area should 
be mapped before the geology, but in certain areas of precipitous 
topography and simpler geology it was considered advisable to 
do the topographic and geologic work simultaneously. 

Instruments.—Because of an extremely rugged country, the 

*“The Plane-Table in Detailed Geologic Mapping,” by F. L. Ransome, 
Economic Geotocy, Vol. VII., No. 2, pp. 115-119. 
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equipment was selected to meet the requirements of simplicity 
and lightness, and consisted of the following: a light plane- 
table, Graton alidade, hand stadia, Brunton compasses, and ac- 
cessories. 

Table.—The table, 15 in. X 18 in. is of % in. soft pine, 
cleated at both ends to prevent warping. A % in. circular brass 
plate 3 in. in diameter, and provided with a threaded hole to 
receive the tripod screw, is set in flush with the bottom of the 
table to which it is attached by countersunk screws. The table 
is mounted on an Eastman No. 4 combination tripod. 

At adjacent corners two carpenters’ level bubbles are set in the 
edges of the table with plaster of Paris to provide a simple 
means of levelling. A small wooden box containing the drawing 
instruments is pivoted by a screw through one end to the under 
side of the table, thus allowing it to swing out so that its contents 
are readily accessible, a spring wire being used to hold the box 
in place when closed. For convenience a strip of emery cloth 
for pointing pencils is thumbtacked to one edge of the table. As 
orientation is accomplished by a delicate compass needle, care 
should be taken to avoid the use of any magnetic material in the 
construction of table or tripod. 

Map.—The map is plotted on linen-mounted buff drawing 
paper. If white paper only is obtainable, an excellent substitute 
is made by tinting this with a thin wash of brown ink to avoid 
excessive glare from the sun. On this map the codrdinates, claim 
lines and posts, workings, triangulation stations, and in fact any 
objects already accurately located are plotted. A light line indi- 
cating the magnetic north for the current year is drawn the full 
length of the map. 

Alidade.—The alidade used is a Graton Improved Alidade 
(Bausch and Lomb, manufacturers) consisting of a 7% in. 
straight edge fitted with open compass sights. A very delicate 
needle in a compass box is mounted on the straight edge midway 
between the sights. These sights fold down and the whole in- 
strument fits in a small leather case which may be carried on 
the belt. 
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Stadia and Rod.—A most useful adjunct to the plane-table 
equipment is a hand stadia with ball and socket levelling attach- 
ment and slow motion screw mounted on a separate camera 
tripod. Placed in a leather sling case the stadia may be carried 
safely in the roughest country. 

A 6-foot folding rule graduated in feet and tenths is used as 
a stadia rod. Targets of the usual pattern made from linen 
backed drawing paper are used. The upper target is attached 
to the rod by paper clips; the bottom target is merely moved 
up or down in front of the rod. Readings are communicated 
orally, though signals may be used when the distance is too 
great. 

Accessories —For reducing slope distances to their horizontal 
and vertical components, either a stadia slide rule or a simple 
form of conversion table thumb tacked to one corner of the 
table may be employed. 

Method of Procedure.—Before beginning the actual work of 
plane-tabling, triangulation flags must be put on prominent points 
and their position and elevation determined. If no points are 
already accurately located and the work is such that the use of a 
transit for establishing several control points is not warranted, a 
base line must be run, a station established at each end, and 
from these a series of points shot in by resection, using the 
alidade as in ordinary triangulation work of this nature. Greater 
speed and accuracy in the subsequent mapping will be obtained by 
establishing these points at frequent intervals. This work also 
serves to familiarize the operators with the general geologic and 
topographic features of the area. 

Locating.—The table is set up on some commanding point 
and its location determined by the three point method as de- 
scribed in Mr. Ransome’s paper. Trouble will arise where the 
position of the table is at or near the center of the circle de- 
termined by the three points sighted. In this case the problem 
is indeterminate, and one of the points must be discarded for 
a new one not on the circle. 

If the table is not oriented correctly, the lines of sight will not 
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meet in a point but will form a triangle of error. In this case 
the solution recommended by Ransome or the following will be 
found applicable: a second triangle of error is obtained by turn- 
ing the table a few degrees in either direction, the same three 
points again being sighted. Lines drawn through similar vertices 
of the two triangles will meet in a point which is the correct 
location of the table.’ 

Determination of Elevation.—Where the elevation of a set-up 
is necessary, the vertical angle is read from a Brunton compass 
laid along the top of the stadia which has been sighted at some 
point of known elevation. The horizontal distance to this point 
is scaled from the map, and with this data the difference in 
elevation may be determined. A more accurate method where 
the vertical angle between the set-up and the point of known 
elevation is less than 6 degrees is as follows: one of the stadia 
wires is turned on the point, and the stadia then leveled, observ- 
ing by coincidence of the other wire on any object such as a rock 
or bush the number of intercepts made before the bubble is 
brought to level. The number of intercepts multiplied by the 
stadia ratio (1:100) times the horizontal distance to the point 
gives the difference in elevation. 

Under fair working conditions the table may be set up and its 
location and elevation determined in 4 to 5 minutes. 

Locating Details —The station being determined, the location 
of details is carried on by the ordinary methods of plane-tabling. 

A celluloid protractor-triangle graduated to degrees is used in 
plotting. This, with notebook, pencils, eraser, and scale com- 
pletes the table equipment. The annoying loss of pocket lens and 
eraser may be avoided by fastening these articles to a button-hole 
by a string of suitable length. 

The rodman carries a Brunton compass, notebook for detail 
sketching, stadia rod and geologic pick. 

In topographic work where the slopes are regular, much time 
may be saved and additional accuracy gained by the rodman tak- 


1A full explanation of this solution may be found in Hayes’ “ Handbook 
for Field Geologists.” 
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ing slope angles with their bearings and also the bearing of the 
contours. With this information and the conversion table the 
operator may locate one or two contours above and below the 
point occupied by the rodman. To facilitate the work the fol- 
lowing form of notes was used by the tableman, the horizontal 
and vertical distances being filled in from the conversion table. 
This permits of plotting while the rodman is gathering additional 
geologic data at another point. The opposite page is reserved for 
computations, sketches, etc. 











Slope Distance. | Hor. Dist. | Vert. Angle.| Vert. Dist. Elev. Notes. 
At Sta. 25%| | 5,700 | 
175 154 +28° | +82 | 782 | Ridge runs N. 45° W. 
145 129 | —27° -66 | 634 | Vein S. 45° W. N. W. 65°. 





Specimens.—A record of specimens is kept in the notebook giv- 
ing index number, location by codrdinates, field name and purpose 
for which the specimen is taken. For reference to the specimens 
a separate map is made on tracing linen. This map consists 
merely of coordinates and the location with index number of 
each specimen, and may be placed over the geologic map for 
comparison. Z 

Geologic Map.—A tracing is made directly from the field map, 
and from this white prints are taken. The classes of rocks, veins, 
etc., are indicated by symbols and tinting, following the custom of 
the U. S. Survey. 

Accuracy.—Working on a 200-scale map, locations may be 
made as close as it is possible to plot. 


Weight of Equipment.— 


BUM NEDT BRINE) 5:5 ccnehaseeehe ope s The ses tek sokus scieas 3% lbs. 
10 NASR SS SST a as fre crs onie aA SR apn pli ag a a 
Compass, tape, stadia rod, and alidade ..............e0cees 246” 


eee IE RETIN sail. Cas te sn cS uh Sh eehoe eoRaN owe as oabenee 


eee eee eee eee ee eee eee ee ee ee ee ee 
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Approximate cost of equipment.— 


RO RISES SARPERNA  ccicto oce, voe-5 oc 05 Sao ti6ibceip'0 0 0 4a Sie 'bre iis aeleie Cn ears $18.00 
RAGIN REED ae On rick heey oskh baa'd bbe deo pO R NW Roe eee ee 18.00 
Ball and socket and levelling attachment ..............eee00e 4.50 
State FOG. (O-TOOE TOIGITIG TUE). oc..ccucidecte coseveseindes cers 60 
WEDS, AGA WIN AVIOCETIGIS, CLC, 00.6 0 60.0 0b 066d es eee vas ee ealees 3.50 
EIU COR ee Dey GING GLAGIATs.6:6 salckicssu.cce abe ews e Sees be sae 6.00 
PO PRO Me adc his osc % cede ake tase Siew bale woicda ede adeene ewes 3.50 
REREAD Ly Fateh Lats sic wb io Bis, wie wielaeacasdte braid Aveo 3 Sacto Qheara Re $54.10 

E. F. PEtton, 

D. D. Irwin. 


A PECULIAR OCCURRENCE OF SILVER. 


Metallurgists who employ the cyanide process for the extrac- 
tion of silver from its ores have found a match for their skill in 
an uncommon kind known as refractory manganese-silver ore. 
Here there is an association of the silver with the manganese 
that has received little attention from mineralogists and data are 
presented in the hope that some of those interested in Economic 
GEOLOGY may be able to offer suggestions as to the nature of the 
mineral. The cyanide process fails absolutely on this ore. The 
failure is not due to salts which decompose cyanide or cause 
premature precipitation as in the case of other refractory ores, 
but to the insolubility of the mineral. The mineral is also insol- 
uble in nitric acid. The occurrence of a silver mineral that is in- 
soluble in both potassium cyanide and nitric acid was not recog- 
nized until a little more than two years ago. Large quantities 
of these ores occur in Mexico; one such deposit has been found 
in the United States, and there is evidence of many more. 

These ores are always thoroughly oxidized and contain man- 
ganese dioxide. Samples from the mines are always so stained 
with dioxide that it is impossible to identify any of the mineral 
constituents without a preliminary wash in some dilute reduc- 
ing agent which will dissolve the dioxide stain. After such a 
treatment, hand sorting is a simple matter. Metallurgists were 
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of the opinion for some time that the silver was uniformly dis- 
tributed through the dioxide, but it was proved by sorting and 
assaying the assorted products that this was not the case; the 
pure pieces of dioxide contain very little silver, but there is a 
zone along the contact between the gangue and the dioxide, 
where the dioxide acts as cementing material toward the par- 
ticles of gangue minerals, that assays very high in silver. Micro- 
scopic investigation of slides showing this contact reveals dark 
brown blotches which do not appear in any other portion of 
the dioxide. Since they occur in what was proved by sorting 
and assaying to be the zone of enrichment, it seems more than 
likely that they constitute the refractory silver mineral. The 
annexed micro-section (Fig. 93) shows one of several slides 





that were examined. All of these slides show the same structure. 

An interesting property of the mineral is that the silver is 
amenable to amalgamation and dissolves very readily in the ordi- 
nary solvents of silver after the dioxide has been dissolved; it 
shows very much the same chemical deportment as does pre- 
cipitated silver, indicating that any acid such as sulphurous acid 
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which dissolves the dioxide also decomposes the silver mineral 
and precipitates metallic silver. It amalgamates and dissolves 
in cyanide much more rapidly than native silver. Physical as 
well as chemical tests indicate that it is in a condition not met 
in other ores, as shown by the following. After treating the 
powdered ore in sulphurous acid to dissolve the dioxide the 
gangue settled quickly leaving a slime which appeared to be 
mainly limonite and remained in suspension with great persist- 
ency. Upon decantation it was found that this slime assayed 380 
oz. while the sand assayed only 10 oz. Ag. perton. The number 
of mills treating sand and slime separately runs up into the hun- 
dreds and in no case is there such a segregation of silver in 
either sand or slime. 

Here is a problem in both mineralogy and ore deposits as well 
as metallurgy. 

The following constitutes a complete bibliography on this 
subject: 


Mining and Scientific Press, Dec. 4, 1909, p.:756, by E. M. Hamilton. 
Mining and Scientific Press, May 25, 1912, p. 732, by Byron Jackson. 
Mining and Scientific Press, June 1, 1912, p. 754; June 8, 1912, p. 794, 
by Will H. Coghill. 
Wit H. CocHitt. 


NOTE ON THE EFFECT OF CALCITE GANGUE ON 
THE SECONDARY ENRICHMENT OF 
COPPER VEINS. 


Some time ago Professor D. C. Bard called attention to the 
fact that copper veins with a calcite gangue usually show no 
secondary enrichment.! The calcite seems to react with the sul- 
phate solutions formed in the oxidized zone, precipitating cop- 
per carbonate almost immediately, and thus preventing a down- 
ward migration of the metal. In an effort to verify this we 
have conducted some experiments in the economic geology labor- 
atory of Cornell University, the results of which are given here. 

Mixtures of chalcopyrite and quartz, and of chalcopyrite and 


*Econ. Geo. Vol. V., pp. 59-61, T9I0. 
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calcite were made of fragments averaging one eighth of an inch 
in diameter. There were equal parts of ore and gangue minerals 
in each case. These mixtures were put into two-inch glass tubes, 
four feet long, set up vertically, and so arranged that solu- 
tions dropped continuously into the mixtures at the top, would 
trickle over the mineral fragments and drain out at the bottom 
of the tubes. This drainage was so conducted that a permanent 
water-level was maintained about a foot above the bottom of 
the tube, while the solutions were introduced slowly enough to 
keep barely moist the minerals above the water level. In one 
experiment a mixture of chalcopyrite and calcite and one of chal- 
copyrite and quartz were treated with a weak solution of copper 
sulphate. In the second experiment similar mixtures were treated 
with ordinary tap water. This was continued for three months, 
care being taken that the amounts of copper sulphate running 
through each tube were equal, and that the sulphate was fed in 
at the same rate. The following results were noted. 

In the calcite-chalcopyrite mixture, treated with copper sul- 
phate, the calcite above the water level was distinctly tinged with 
green, while none of the chalcopyrite showed any change. In the 
tube containing quartz and chalcopyrite no change above the 
water level was noted, but the chalcopyrite for four inches below 
this level showed clearly the purple tinge of bornite and upon 
closer examination some thin black films were found. No change 
was noted in the tubes treated with water, the time of the experi- 
ment evidently being too short to allow appreciable solution of 
the copper. 

Unfortunately the chalcopyrite was not entirely free from in- 
clusions of gangue, and in view of the large size of the fragments 
we could not be sure that samples taken from the tubes repre- 
sented the same original copper content. The change in ap- 
pearance in the chalcopyrite in the quartz gangue, however, was 
unmistakable, and there can be no doubt that at the water level 
a secondary precipitation of copper sulphide took place. It is 
equally certain that a similar action did not take place in the 
tube with the calcite gangue. Analysis showed that the cal- 
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cite used was free from copper, while after the experiment that 
above the water level showed .072 per cent. There was no in- 
crease in the SO, content of the calcite after the experiment, 
which seems to show that the CaSO, formed by the CuSO, and 
CaCO, was kept in solution. This is in accord with the fact that 
oxidized copper ores in calcite gangue commonly show compar- 
atively little gypsum. 

These experiments, although far from final, seem to establish 
the fact that calcite has a tendency to prevent the precipitation 
of secondary copper sulphide in conditions analogous to those 
prevailing in mineral veins. It seems probable, however, that 
this effect is not the result of the immediate precipitation of 
copper in the upper part of the vein as a carbonate. We found 
that the solution draining from the tube with the calcite-chalco- 
pyrite mixture still showed considerable copper sulphate, and the 
cause of the non-precipitation of secondary sulphide cannot have 
been the removal of Cu as carbonate in the upper part of the tube. 
Winchell has shown that secondary chalcocite is most likely to be 
formed in acid solutions.1 The ordinary copper sulphate is acid, 
and the effect of the calcite gangue may be to neutralize this 
acidity, and thus make conditions unfavorable for secondary en- 
richment. Further experiments should be conducted with analy- 
ses of the copper sulphate solution used and that draining from 
the tubes to establish this point. 


T. W. B. Wetsa, 
C. A. Stewart. 
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Dana’s Manual of Mineralogy. By Witxiam E. Forp. John Wiley & 

Sons, New York, 1912, 13th ed., 460 pp., 357 figs., 10 pl. 

The series of the Dana Mineralogies is without an equal and it is very 
gratifying that the “ Manual” of James Dwight Dana (first published in 
1848) has now been revised, rewritten, and made available for the stu- 
dent of elementary mineralogy, the mining engineer, the geologist, ana 
the practical man interested in the subject. The book retains the char- 
acter of the earlier editions, except that the chapter on Petrography has 
been omitted and the rock descriptions have been condensed. The text 
and illustrations are however nearly all new, as is made necessary by the 
great strides which the science of mineralogy has made in the last 
decades. Professor Ford has been very successful in keeping the scope 
of the old book while modernizing the text. 

Crystallography is the first of the five divisions and the necessary ele- 
ments of it are well treated. The second division describes the General 
Physical Properties of Minerals. Inasmuch as the character of the book 
is elementary, the author has been wise in the brief treatment he has 
given to certain topics, as for instance those depending upon light. The 
chapter on Chemical Mineralogy presents the chemical groups into which 
minerals are classified, treats of isomorphism, describes blowpipe deter- 
minations with short tables of the common tests, and gives a list of the 
simple tests for the common elements. 

In the Descriptive Mineralogy, the text is attractively arranged under 
such headings as: Composition, Crystallization, Structure, Physical Prop- 
erties, Varieties, Tests, Occurrence, Name, and Use, while for such min- 
erals as demand it, additional paragraphs are introduced, as for example 
a paragraph on the gem qualities, cutting, and value of the diamond, and 
one on artificial graphite. The descriptions of the rarer minerals are 
grouped in one paragraph. Many very rare minerals are briefly men- 
tioned. The commercially important minerals are grouped according to 
their useful chemical elements, followed by a discussion of their occur- 
rence, the process of extraction of the element, and its uses. Statistics of 
production in the United States are given in an Appendix. The Occur- 
rence and Association of Minerals is interestingly treated in sections 
entitled: Rocks and Rock-making Minerals, Pegmatite Dikes and Veins, 
788 
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Contact Metamorphic Minerals, Veins and Vein Minerals. A list of 
minerals arranged after their system of crystallization closes this division. 

The fifth and last division, that of Determinative Mineralogy, em- 
braces the common species and the rare ones of economic importance. 
The tables given for their identification are based on physica! properties 
but, as stated, reference should also be made to earlier parts of the book 
in order to include the chemical and other properties. 

W. T. SCHALLER. 


Mineralogy. An Introduction to the Theoretical and Practical Study of 
Minerals. By ALEXANDER HaAmiLton Puitires. The Macmillan 
Company, New York, 1912. $3.75 net. 609 pp., 534 figs. 


The facts and basic principles of the several branches of mineralogy 
are brought together for the beginner under the three heads of Crystal- 
lography, Descriptive Mineralogy, and Determinative Mineralogy. The 
descriptions are given with such fullness that a beginner may have 
trouble in digesting all, especially the descriptions of the thirty-two 
classes of crystals with their many and long names. Indices and similar 
notations are printed in heavy-face type instead of the usual italics. The 
Optical Properties are given in detail under Crystallography. The 
Descriptive Mineralogy of Part II. is introduced by two chapters, the 
first one on “ The Relation of Minerals to the Elements” dealing with 
polymorphism, occurrence of the elements, water in minerals, isomorph- 
ism, classification of minerals. The second chapter, on “ The Origin of 
Minerals”, includes the various phases of substances, fusion with the 
different attendant phenomena, mineralizers, pneumatolysis, thermal 
metamorphism, hot solutions, and the action of ground waters. Before 
the description of minerals is undertaken, the physical properties (except 
those dependent on light which have been given under Crystallography) are 
defined and illustrated. The descriptions of minerals are concentrated in 
a short paragraph, giving name, composition, crystallography, general 
physical properties, followed by one on the blowpipe reactions. The 
various properties, occurrence, etc., are then grouped in several para- 
graphs under the heading “ General Description”. About two hundred 
and twenty-five species, including the common rock-forming and ore 
minerals, are thus treated. 

Part III., on “ Determinative Mineralogy ”, includes a description of 
the instruments, reagents, and chemical tests used in blowpiping. The 
more common minerals are grouped in two tables: I., metallic or sub- 
metallic luster, and II., non-metallic luster. Color is used as a further 
subdivision and the minerals are then arranged according to hardness. A 
table for the determination of the principal rock-forming minerals in 
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sections includes a little more than fifty minerals. A determinative 
table, based on blowpipe tests, extends for*sixty-six pages and includes 
nearly all known species. 

The book is richly illustrated. A large number of the illustrations are 
photographic reproductions of minerals, either as specimens or as iso- 
lated crystals. The work is an excellent text-book on mineralogy, though 
it contains much more information than a beginner would ever be 
called on to know. 

W. T. SCHALLER. 


Popular Guide to Minerals. By L. P. Gratacap. D. Van Nostrand 
Company, New York, 1912. 330 pp., 400 text figures, 74 plates, map 
showing distribution of minerals in the U. S. 


The sub-title, “ With chapters on the Bement Collection of Minerals in 
the American Museum of Natural History, and the Development of 
Mineralogy, for use of visitors to public cabinets of minerals and for 
elementary teaching in Mineralogy,” gives a good idea of the book’s 
scope. The first sentence of the preface reads: “ This guide is intended 
for use by visitors to collections of minerals,” though a book weighing 
nearly three pounds and with no index to the illustrations may prove 
somewhat burdensome to the museum visitors. The photographic repro- 
ductions are excellent and give one a good idea of what the minerals 
look like. They are scattered promiscuously through the book with no 
reference or relation to the text. A beautiful photograph of velvety 
malachite is bound in with the text on garnet; a fine one of stalactite 
azurite with the text on the micas, etc. ~ 

The following paragraph on silver (page 112) illustrates the mode of 
treatment of mineral occurrences. 

“The extraordinary wedges or ‘leads’ of native silver in the Cobalt, 
Ontario, region of Canada are difficult to account for. Silver is reduced 
from its sulphide and antimonide and it is also precipitated from its solu- 
tion by pyrite, chalcopyrite, galena, and other sulphides, Reactions, per- 
haps similar to these, accumulated in beds (afterwards inverted), these 
silver masses.” 

The book may well serve to induce in the general reader an apprecia- 
tion of the beauties of minerals so admirably set forth in the large 
number of illustrations. 

W. T. SCHALLER. 





SCIENTIFIC NOTES AND NEWS' 


ANNOUNCEMENT WAS MADE on November 15, 1912, of 
changes in the organization of the geologic branch of the U. S. 
Geological Survey. These changes seem to have been instituted 
through the resignation of Mr. Waldemar Lindgren, who goes 
to the Massachusetts Institute of Technology to assume charge 
of the department of geology. He is succeeded in the Survey 
by Mr. David White, who became chief geologist on Novem- 
ber 16. 

The following other changes have been made in the official 
staff. To quote from the circular issued by the Director of the 
Survey: 

“The chief geologist will be in charge only of the division of 
geology and paleontology, and the other divisions will report 
directly to the director. This change may be regarded only as 
temporary, and for the purpose of reducing the administrative 
burden placed upon the successor to Mr. Lindgren. 

“Mr. Ransome will succeed Mr. Lindgren as geologist in 
charge of the section of economic geology, metalliferous deposits, 
with Mr. J. B. Umpleby as assistant to chief of section. 

“Mr. McCaskey will succeed Mr. Lindgren as chief of the 
metalliferous section of the division of mineral resources, exercis- 
ing general supervision over the collection of statistics of metal- 
liferous production and the preparation of chapters on those 
subjects. 

“The western offices of this division will continue to be under 
the direct administration of Mr. McCaskey. In the codrdination 
of the geologic and statistical work on metalliferous deposits 
Messrs. Ransome and McCaskey will necessarily codperate. 

* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 


or scientific studies undertaken by them, together with such other scientific 
and personal items as may come to their notice. 
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“With the growth of the scientific work of the Survey, it ap- 
pears advisable to distribute its administration more widely than 
was necessary in the past, and to place rather more than less 
administrative responsibility upon the geologists of experience. 
To this end the effort will be continued to give the individual 
geologist a large degree of independence, and at the same time 
insure the codrdination of the extensive and varied research 
work of the branch. Strong control by the geologists selected to 
serve as section chiefs is essential if uniformity of standards of 
work is to be secured as well as freedom from duplication and 
interference in the case of closely related investigations. Yet if. 
these chiefs are to be spared for the scientific work in which they 
are leaders, the constant effort must be made to relieve them from 
the petty though necessary details of administration by sharing 
the burden.” 


Proressor Harry Fietpinc Rep, of Johns Hopkins Univer- 
sity, delivered a lecture before the Geological Section of the 
New York Academy of Sciences on December 2. His subject 
was “The Seismograph and What It Teaches.” 


On Novemser 13, Mr. David White read before the Geolog- 
ical Society of Washington a paper entitled “‘The Work of the 
Conservation Congress.’”” On November 27 the following papers 
were read before the same Society: “The Joplin Lead and Zinc 
Deposits,” by C. E. Siebenthal; ‘Secondary Sulphide Enrich- 
ment in Silver,” by E. S. Bastin; “ The Quality of the Water ob- 
tained by Leaching Feldspar, a Critique,” by Chase Palmer. 


THE SIXTY-FOURTH meeting of the American Association for 
the Advancement of Science will be held at Cleveland, Ohio, 
from December 30, 1912 to January 4, 1913. 


Mr. J. B. Tyrrett, of Toronto, Canada, who returned recently 
from an extended expedition into the Hudson Bay region, sailed 
on November 30 for a short visit to England. His English 
address is 224 Salisbury House, London, E. C. 





SCIENTIFIC NOTES AND NEWS. 793 


THE AMERICAN Peat Society held a meeting on September 
5, 6, and 7, at Columbia University, New York City, in conjunc- 
tion with the International Congress of Chemists. Papers were 
read by J. A. Holmes, J. H. Pratt, W. R. Beattie, T. Arthur 
Mighill, and others. 


THE FOLLOWING are the delegates appointed by President Taft 
to the convention of the American Mining Congress held at 
Spokane, Washington, November 25 to 29: H. Foster Bain, San 
Francisco; Philip N. Moore, St. Louis; H. L. Hollis, Chicago; 
D. W. Brunton, Denver; Erskine Ramsay, Birmingham; James 
W. Malcolm, Kansas City; C. W. Goodale, Great Falls, Mon- 
tana; E. H. Benjamin, Oakland, California; J. A. Holmes, Wash- 
ington; and Stanley J. Easton, Kellogg, Idaho. 


Dr. Frep, E. Wricut, of the Geophysical Laboratory of the 
Carnegie Institution of Washington, will give a course of lec- 
tures on experimental geology at Johns Hopkins University be- 
ginning in January, 1913. The results which have already been 
secured in experimental geology will be reviewed and attention 
directed to those geological problems which are still unsolved and 
in which experiment may render efficient aid. Dr. Arthur L. 
Day, director of the geophysical laboratory, will cooperate with 
Dr. Wright in some of these lectures. 


THE SECOND SEASON of the field school of geology of the Uni- 
versity of Chicago was spent in the San Juan Mountains of 
southwestern Colorado. The party prepared an areal geological 
map of about two hundred and fifty square miles. This work 
was done under the direction of Dr. W. W. Atwood and in con- 
formity as far as possible with the official methods of the United 
States Geological Survey. 


Mr. RALPH ARNOLD, of Los Angeles, spent the first half of 
November in Trinidad investigating the property of the Barber 
Asphalt Company. 


G. A. Wartnc, who has been employed by the government of 
Brazil for the past two years, reports that his investigation of 
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the water supply of the plateaus in northeast Brazil is well ad- 
vanced and that he expects to return to the United States at the 
expiration of his contract in July, 1913. 


J. M. Hitt, of the U. S. Geological Survey, went into the 
Navajo Indian Reservation during the past summer to examine 
certain copper claims for the purpose of classifying the land as 
mineral or non-mineral. 


Max W. Batt left Washington recently for Utah to join C. 
T. Lupton in the San Rafael swell region, where the U. S. Geo- 
logical Survey is making a reconnaissance examination of certain 
reported structures favorable for the accumulation of oil. 


R. W. Ricuarps has completed a geologic survey of the 
Melrose, Montana, phosphate field for the Federal Survey. 


S. R. Capps has returned to Washington after making a de- 
tailed investigation of the geology around Ellamar and Land 
Locked Bay, Prince William Sound, Alaska. 


N. H. Darton, of the U. S. Geological Survey, lectured on 
November 22 to the New York section of the American Institute 
of Mining Engineers. He described the structure of the north- 
ern anthracite coal basin of which he has recently completed a 
very detailed map showing the deformation by 100-foot contours. 
Sections were presented which exhibited notable differences be- 
tween structure revealed by mining and that indicated by surface 
dips. 


IN THE THIRTY-THIRD ANNUAL Report of the Director of the 
United States Geological Survey, the director urges upon Con- 
gress the construction of a special building for the housing of 
the Geological Survey in Washington. To those who are fa- 
miliar with the building on F Street, in which the work of the 
Survey has been done since 1884, the plea made by the director 
for suitable accommodations will appeal as not only an absolutely 
essential thing, but something which it is difficult to believe has 
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not been long since provided. The incredibly difficult and unsat- 
isfactory conditions under which the valuable and extensive work 
of the Geological Survey has been conducted, and the danger 
which has been constantly felt of the destruction of valuable 
records by fire make the delay in supplying suitable quarters the 
more difficult to understand. It is the earnest hope of all the 
wellwishers of the Survey that they may succeed in a very short 
time in securing what the admirable work of the office of the 
Survey staff has for many years thoroughly merited. 
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Abich, H., on temperatures in gas 
wells, 536 

Abnormal temperatures on the Com- 
stock lode, 583 

Acme graphite mine, 767 

Acmite, fusing point, 5 

Acromorphs, 121 

Actinolite, fusing point, 3 

Active rocks, behavior, 12 

Adair oil pool, Oklahoma, 726 

Adiabatic cooling, 536 

Adularia, fusing point, 3 

Aegirite, fusing point, 5 

Aeschynite, in tin deposits, 231 

Ahlburg, J., on iron ores of Hun- 
gary, 192 

Alaska, tin deposits, 212 (table) 

Alaskite, replacement ore bodies in, 
206 

Alaskite-quartz magmas, 474; addi- 
tion of lime, 486 

Alaskose, analysis, 216, 217 

Alberti, F. A. v., on salt domes, 121 

Albite, fusing point, 3 

Albite glass, beanperaiute data on, 2 

Aldridge quartzite, 351 

Alidade, for planetable work, 115, 
622, 779 

Alkaline gold solutions, 745 

Allen, E. T., on oxidation of sul- 
phides, 15; on sulphidation of iron, 


49 

Aller-Nordstern, Verden, Germany, 
salt dome, section, 126 

Alluvial tin deposits, Nigeria, 542 

Alluwe oil pool, Oklahoma, 726 

Almandite, 495; fusing point, 4 

Alpine mineral deposits in  sericite 
gneiss-sericite schist, 608 

Alta mine, Corbin, Montana, 288 

Altenberg (tin deposits), section, 226 

Altenberger Zwitterstock, Erzge- 
birge, 222, 224, 225 

Alteration of granite and the source 
of vein-quarts at the St. Anthony 
mine, Hydrothermal (Moore), 751- 

I 


7 
Alteration, chloritic and sericitic 
phases, 60; granite, 755, 760; in 


Butte district, 38; reactions, 44- 
46; hydrothermal, 246; of lime- 
stones by contact metamorphism, 
702; of rocks, 234; St. Helens dis- 
trict, Washington, 348; turquoise 
deposits, Burro Mountains, 
Mex., 388 

Alterations during  propylitization 
tabulated, 67 

Aluminum, recent literature on, 607 

Ambler, Joseph A. (translator), 
Transformations and chemical re- 
actions in their application to 
temperature measurements of geo- 
logical occurrences, 676-707 

American Flake Graphite Company 
quarry, 769 

Amphibole, fusing point, 3 

Analyses (see chemical analyses) 

Anamorphism, in Gunflint district, 


I 
Anatase and brookite, association, 
69 


Anderson’s saline dome, Texas, 374 

Andesine, fusing point, 3 

Andesite, 344, 692; temperature data 
on, 2 

Andesite porphyry, 292, 344 

Andesite tuff, 344 

Andradite, 462 

Andrée, K., on crystallization, 532 

Andrussow, on hydrogen sulphide in 
water of Black Sea, 741 

Anhydrite at the Ludwig mine, Lyon 
County, Nevada, The. occurrence 
and origin a gypsum and 
(Rogers), 185-1 

Anhydrite, identification of, 187; 
Ludwig mine, Lyon County, Ne- 
vada, origin, 400; occurrences, 189; 
origin, 189 

ant in magnetic declination, 
50 

Anorthite, fusing point, 4 

—— glass, temperature data 


on 

Keinodings fusing point, 3 

Anse la Butte salt dome, Louisiana, 
368, 371 
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Anselma graphite mine, 769 

Anthophyllite, fusing point, 3 

Anticlinal-bulge type of oil and gas 
fields, 365 

Apatite, fusing point, 3 

Aplite, 344 

Apophyllite, 464 

Araca tin deposits, Bolivia, 274 

Araca type tin ores, 274 

Arbuckle Mountains, Oklahoma, 722 

Argentite, pseudomorphs after 
proustite, 526 

Arkansas, variations in magnetic dec- 
lination, 651 

Armas, M., on Bolivian tin deposits, 
274; on thyolite dikes in Bolivian 
tin deposits, 215 

Arsenopyrite, in tin deposits, 230 

Arsenopyrite deposition, Dolores 
mine, Mexico, 478 

Asbestos, recent literature on, 100, 


406 

Asphalt, Oklahoma, 721, 722 
Assays—wollastonite, 492 
Augite, fusing point, 5 
Augite andesite, 692 
Australia, tin production, 212 
Axinite, in tin deposits, 231 


B. B. ore body, Idado, 361 
Bacteria, oxidation of hydrogen sul- 
phide by, 742; thionic acid, 743 
Bain, H. F. (editor), review of work 
by, 507; on lead and zinc ores of 

the Wisconsin district, 508 

Bakerville tin mine, Queensland, 
Australia, 267 

Balcones fault line, Texas, 374 

Baldhill oil pool, Oklahoma, 728 

Baltimore gneiss, 767 

Banka, greisen, 235; tin deposits, 212 
(table); tin production, 212 

Barber’s Hill saline, Tex., 368, 372 

Barite, in pre-Cambrian iron ores of 
Highlands, 183; replacing lime- 
stone, 529 

Barometer, for field use, 623 

Barry, J. G., geological work by, 447 

Bartlesville oil pool, Oklahoma, 726 

Basalt, 344, 453; temperature data 
on, 2 

Basalt sheets, influence on magnetic 
needle, 659 

Base line, measurement of, 625 | 

“— gneisses containing graphite, 
795 

Basic igneous intrusion on a Lake 
Superior iron-bearing formation, 
The effects of a (Zapffe), 145-178 


797 


Bastin, E. S., The graphite deposits 
of Ceylon; a review of present 
knowledge with a description of a 


similar graphite deposit near 
Dillon, Montana, 419-443; reviews 
by, 202, 5090; on pegmatites in 
Maine, 183; on the origin of 
graphite, 431 

Bastin, E. S., and Hill, J. M., on 


wollastonite in Colorado, 424 

Bateman, A. M., and Ferguson, H. 
G., Geologic features of tin de- 
posits, 209-262 

Batholith, St. Helens district, Wash- 
ington, "346 

Batson saline dome, Texas, 368, 371 

Bauchi, tin deposits, 542 

Bayley, W. S., A peculiar hematite 
ore on the tract of the Durham 
mine, Durham, Penna., 179-184; 
review by, 90; review of report by, 
204 

Bayou Castor saline, La., 368 

Bayou Choupique, Louisiana, 
phur, 371 

Beaumont, Elie de., on origin of tin 
veins, 264 


sul- 


Beck, K., on German salt deposits, 
125 
Beck, R., on Bolivian tin deposits, 


274; on’ contact metamorphic de- 
posits, 266; on tin deposits, 265; 
on tin deposits of Banca and Billi- 
ton, 252 

Becke F., on structure of replaced 
rocks, 528 

Becker, G. F., on origin of petroleum 
deposits, 648; on replacement, 522; 
on solution of gold, 746 

Bedded sulphur deposits, 736 

Beggs oil pool, Oklahoma, 728 

Belle Isle saline, La., 368 

Benoist oil sand, 579 

Benthe-horst salt dome, 
section, 126 

Berea oil pool, Oklahoma, 726 

Bergeat, A., on iron ores of Rhine 
region, 192; on rocks of Stromboli, 
691; on tin deposits, 265; in Cam- 
piglia Marittima, 268 

Berks Co., Pa., graphite mines, 763; 
graphite deposits, 765 

Beryl, fusing point, 3; 
posits, 231 

Beyschlag, Krusch, and Vogt, on iron 
deposits, 562; on tin deposits, 265 

Bibliography—garnet deposits, New 
York, 501; graphite deposits, Cey- 


Germany, 


in tin de- 
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lon, 432; graphite deposits, Penn- 
sylvania, 775; tin deposits, 257 

Bidlingmaier, Fr., on locus of mag- 
netic iron, 656 

Big Creek oil pool, Oklahoma, 726 

Big Eight ore body, Idaho, 361 

Big Hill saline, Tex., 368, 372, 374 

Billiton, tin deposits, 212 (table); 
tin production, 212 

Bird Creek oil pool, Oklahoma, 727 

Bird’s Nest claim, graphite deposits, 
Dillon, Mont., 440 

Birdsville formation, 578 

Bischof, G., on analysis of wavellite, 
389; on precipitation by hydrogen 
sulphide, 73; on pseudomorphs, 


526 

Bismuth, association with tin de- 
posits, 232 

Bismuth ores, association with tin 
ores, 277 


Bistineau saline, La., 368, 374 

Bittenbender iron mine, Pa., 765 

Black Hills, pegmatitic tin lode, 222; 
tin deposits, 212 (table), 264 

Blatchley, R. S., The structural rela- 
tions of the oil fields of Crawford 
and Lawrence counties, Ililinois, 
574-582 ty ; 

Blende deposition, Dolores mine, 
Mexico, 480 

Blow, A. A., on Iron Hill ore bodies, 
Leadville, Colo., 321 

Bluebird granite, 36 

Blue Bird mine, Notes on the (Win- 
chell and Winchell), 287-204 

Blue Bird mine, Montana, location, 


287 

Blue Ridge saline, Tex., 368 

Blue Tier, Tasmania, tin deposits, 
212 (table) 

Blum, J. H., on pseudomorphs, 526 

Bolivia, tin deposits, 212 (table), 210, 
273; tin production, 212 

Boone chert, 720 

Booth, Garrett, & Blair, analyses by, 


407 

Boracite, transformations, 678 

Borneo, Samarinda, geothermic gra- 
dient, 5390 

Bose, E., on sulphur veins at Cone- 
jos, Mexico, 734 

Boulder batholith, Butte district, 
Montana, 225; age, 76 

Boulder batholith, granite, chemical 
analysis, 41 

Boulder quartz monzonite batholith, 


290 
Boyertown, Pa., graphite mines, 763 





Brazilian iron ores, exploration of, 


73 
Breece Hill, Colo., ore deposits, 321 
Breitenbrunn tin deposits, 268 
ata definition of paragenesis, 


3 

Brevik, Sweden, quartzite pebbles in 
diabase flow, 

Bridgeport oil sand, 578 

British Columbia, East Kootenay 
district, 351 

Brittany, France, tin deposits, 212 
(table) 

Brogger, W. C., on zeolites in 
pegmatite dikes, 476 

Brokaw, A. D., on solution of gold, 


744 | : ; 
Bronzite, fusing point, 4 : 
Brookite and anatase, association, 


7 

Brooks, A. H., on growth of litera- 
ture of economic geology, 675 

Brook’s saline, Tex., 368, 374 

Brown’s saline, La., 3 

Brun, Albert, fusing points of min- 
erals, 3; on gases in fumaroles, 
687; on hydrogen sulphide and sul- 
phur dioxide, 732; on solidification 
temperature of certain acid lavas, 
704; on volcanic exhalations, 1 

Brun’s new data on volcanism (Win- 
chell), 1 

Bryant Heights saline, Tex., 368 

Bryon Heights saline, Texas, 372 

Buchanan oil sand, 578 

Buckingham, Quebec, graphite de- 
posits, 432 

Buckley, E. R., on lead and zinc 
deposits of the Ozark region, 508; 
on replacement, 530 

Buehler, H. A., and Gottschalk, V. 
H., Oxidation of sulphides, 15-34 

Bungo Province, Japan, tin deposits, 
212 (table) 

Burma, tin deposits, 212 (table), 223 

Burro Mountains, New Mexico, The 
origin of the turquoise in the 
(Paige), 382-392 

Burro Mountains, N. Mex., geology, 


383 

Butler, G. M., Some recent develop- 
ments at Leadville, 315-323 

Butte, Montana, Conditions of min- 
eralization in the copper veins at 
(Kirk), 35-82 

Butte, Mont., district, copper ores, 
origin, 78 

Butte granite, 36; composition, 30; 
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successive alterations, 69; weather- 
ing of, 65 
Byers, Pa., graphite mines, 768 
Byram gneiss, 179 
Bytownite, fusing point, 4 


Calcite, 464; conversion table for, 
137, 138; replacement by galena, 


530 

Calcite gangue, effect on secondary 
enrichment of copper veins, 785 

Calcium carbonate, dissociation, 699; 
in magmas, 700 

California, Santa Maria oil field, 
geothermic gradient, 539; tin de- 
posits, 212 (table) 

Campiglia, Marittima, tin deposits, 
212 (table), 253, 268 

Cananea granite, 334 

Cananea Mountains, 326 

Canary oil pool, Oklahoma, 726 

Cape Colony, tin deposits, 212 (table) 

Cape York, Alaska, tin deposits, 212 
(table) 

Capote quartzite, 327 

Carbide theory of oil genesis, 660 

Carbon, reducing action on iron sul- 
phides, 768 

Carbonas, 221 

Sa formation, Crawford Co., 

+ 57 

Carboniferous rocks, Oklahoma, 720 

Carlyle oil sand, 579 

Carmen mine, Dolores _ district, 
Mexico, 482 

Cascade uplift, age, 346 

Cassiterite, 218, 222, 224, 264; genetic 
distribution and gradation of asso- 
ciated minerals, 255; production 
of, 251 

Cebolla district, Gunnison County, 
Colorado, The iron ore deposits of 
the (Singewald), 560-573 

Cebolla iron district, Colo., geologic 
map, 563; location, 560; view of 
Iron Hill, 565 

Cedar Bayou saline, La., 368 

Cementing, differential, in oil-bearing 
sands, 708 

Cerro oe Potosi, Bolivia, stannite 
ores, 

Cerro de vi ln Mexico, min- 
erals of, 

Ceylon, The graphite deposits of 
(Bastin), 419-443 

Ceylon, graphite mines, location, 423; 
location and physiography, 421; 
production and export of graphite, 
420, 421 


Ceylon graphite, bibliography, 432 

Chalcedonite, crystallization of, 690 

Chalcocite, at Butte, Mont., 72; con- 
centration, 72; origin, 75; replacing 
pyrite, 54 

Chalcopyrite, 338; in tin deposits, 


230 
Copies, R. T., on gases in rocks, 


Chauvenet, Regis, on the Cebolla 
iron deposit, 560, 561 

Chelsea oil pool, Oklahoma, 726 

Chemical analyses — cordierite-mag- 
netite, 161; cordierite-norite, 160; 
garnet rock, 332; granite, 753, 756, 
761; granite and greisen, Erzge- 
birge, 237-240; Grainsgill, 244; 
New South Wales, 241; granite 
from Boulder  batholith, 41; 
granites and  quartz-porphyries 
from tin-producing regions, 216; 
Gunflint ferrous carbonate, 162; 
Gunflint iron-bearing formation, 
153; iron ore, Cebolla district, 
Colo., 570; Mine Hill, 180, 182; 
iron ore, Rattlesnake Hill, 180; 
limestone, 335; altered, 468; Mesabi 
ferrous silicate (greenalite), 162; 
Mesabi taconite, 161; monzonite, 
altered, 469; ore from Louemma 
mine, Leadville, Colo., 318; Peno- 
kee-Gogebic ferrous carbonate, 162; 
Penokee-Gogebic ferruginous chert, 
161; perthite, 157; printed forms 
for, 138; rock, conversion into 
terms of minerals, 136; tuff, 320; 
water from Steamboat Springs, 
Nevada, 587 

Chemical reactions in their applica- 
tion to temperature measurements 
of geological occurrences, Trans- 
formations and (Koenigsberger), 
676-707 

Chemical reactions as_ geological 
thermometers, 699 

Chemistry of silicates, 690 

Chester beds, 578 

Chester Co., Pa., graphite mines, 763 

Chicot saline, Pine Prairie, La., 368 

Childers oil pool, Oklahoma, 726 

Chili, gold-copper veins, 271 

China, tin production, 212 

Chlorite, in Butte granite, 39; in 
granite, 58; in tin deposits, 230 

Chloritic processes, 49, 50 

Chorolque tin deposits, Bolivia, 274 

Chromite, fusing point, 5 

Chrysolite, fusing point, 4 

Circulation of sulphur, 742 
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Cirkel, Fritz, on the origin of 
graphite, 431 

Cirques, St. Helens district, Wash- 
ington, 342 

Clapeyron’s formula, 683 

Clapp, F. G., The occurrence of oil 
and gas deposits associated with 
quaquaversal structure, 364-381 

Clarke, F. W., on use of term para- 
genesis, 630 

Classification—contact metamorphic 
ore deposits, 490; mineral occur- 
rences, 644; petroleum and natural 
gas fields, 364; salt deposits, 120; 
veins of Butte district, 69 

Clay, natural history of, 601; re- 
cent literature on, 100, 6090 

Clements, J. M., on Keewatin green- 
stones, 147; on Logan sills, 158; 
on the Gunflint iron-bearing for- 
mation, 161 

Cleveland oil field, Oki: uhoma, 727 

Cleveland vein, Leadville, 315 

a iron ores, 507 

Coal, recent literature on, 100, 306, 
406, 609, 713 

Coal beds, formation e 89 

Coal Bluff saline, La., 

Coal County, Gtlshoma, oil and gas 
prospects, 729 

Cobalt district, Ontario, a 

Cobriza intrusion, 444, 

Cobriza mine, Matehu: le De ae,, 
Mexico, 446 

Coeur d’Alene ore deposits, com- 
parison with East Kootenay ore 
deposits, 330 

Coghill, W. , discussion by, 783 

Collinsville bey field, Oklahoma, 726 

Columbite, in tin deposits, 231 

Compass, for planetable work, 622 

Comstock lode, abnormal tempera- 
tures, 583 

Concave surfaces, of ore bodies, 109 

Conditions of mineralization in the 
copper veins at Butte, Montana 
(Kirk), 35-82 

Conditions governing addition of 
lime to alaskite quartz magmas, 


Conductivity, electrical, 30; electro- 
chemical series, 30 

Conejos, Mexico, sulphur veins, 734 

Congo, tin deposits, 212 (table) 

Constant field, temperature measure- 
ments, 530 

Contact alteration of Gunflint iron- 
bearing formation, 169 

Contact garnet zones, origin, 333 


Contact metamorphic ore deposit, 
Study of; the Dolores mine, at 
Matehuala, S. L. P., Mexico 
Sours, Garrey, and Fenner), 444- 
484 


Contact metamorphic deposits, 266 

Contact metamorphic effects, 220 

Contact metamorphic zones, classi- 
fication, 490 

Contact metamorphism, Cebolla iron 
district, Colo., 569; effects on lime- 
stones, 702; Elisa mining district, 
Sonora, Mexico, 330; falling tem- 
perature during, 487 ; Sierra del 
Fraile, Mexico, 454; solutions pro- 
ducing, origin, 485 

Contact phenomena, 511 

Continental (Acme) graphite mine, 
767 

Continental fault, Butte, Mont., 37 

Conversion: of analyses, graphic 
method, 137; into terms of min- 
erals, 13 

Coochie dome saline, La., 368, 374 

Coodys Bluff oil pool, Oklahoma, 
72! 

Coomaraswamy, A. K., on graphite 
deposits of Ceylon, 432 

Copan oil pool, Oklahoma, 726 

Copper, association with tin ore, 232; 
at Butte, Mont., 71; Dolores mines, 
Mexico, 482; fusing point, 5; pro- 
duction of Butte, Mont., 35; re- 
cent literature on, 96, 303, 404, 607, 
II 

Coane deposits, Cornwall. 270; 
Coro- Coro, Bolivia, 592; Dolores 
mine, Mexico, 450, 477; Elisa mine, 
Sonora, Mexico, 337; Lake Su- 
perior region, 505; Michigan, 509 

Copper ores, Butte, Mont., origin, 78; 
Dolores mine, Mexico, 446; Lud- 
wig mine, Nevada, 185 

Copper veins at Butte, Montana, 
Conditions of mineralisation in the 
(Kirk), 35-82 

Copper veins, secondary enrichment, 


Copper- gold veins, Chili, 27 

Copper-tin veins, Hatbetton, district, 
Queensland, 270; Thelemark dis- 
trict, Norway, 271 

Cordierite, 148, 152, 165; fusing 
point, 3 

Cordierite-magnetite, 151, 167; anal- 
ysis, 161 

Cordierite-norite, 160; analysis, 160 

Cornish lode-tin deposits, 221 i 

Cornwall, copper deposits, 270; tin 
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deposits, 212 (table), 269; erosion, 
225; section, 226 
Cornwall, tourmalinization, 235 
Coro- Coro, Bolivia, copper deposits, 


592 

Cote Blanche saline, La., 368 

Sots, Carbae, Jefferson’s Island, La., 
6 


Cotton, L. A., on  metasomatic 
processes, 238, "242 ; on tin deposits 
of New England, 228 

Cotton Creek oil pool, Oklahoma, 


72 

Craig County, Oklahoma, oil and 
gas, 72) 

Crawford Co., Ill., oil field, 576 

Creek County, Oklahoma, oil fields, 
727 

Cretaceous area, Oklahoma, oil possi- 
bilities, 725 

Cretaceous rocks, Oklahoma, 720 

Cristobalite, 684; transformation into 
quartz, 

Cross-sections (see Sections) 

Crown Point workings, graphite de- 
posits, Dillon, Mont., 436 

Crystal Falls district, iron mines, 667 

Crystal Graphite Company mine, 435 

Crystallization, agency in production 
of salt domes, 133; force of, 532; 
in yielding substances, 533 

Crystallization process, 197 

Cuban iron ores, exploration of, 672 

“Curing,” graphite, 428 

ee R., fusing points of minerals, 


Cichieg oil pool, Oklahoma, 727 
Cyanite, fusing point, 3 
Cypress sandstone, 579 


Dacite, 291; Goldfield, Nevada, alter- 
ation, 248 

Dale, T. N., on white mica as altera- 
tion product in granite, 388 

Dalmer, K., on origin of tin de- 
posits, 253; on the Erzgebirge 
greisen, 237 

Daly, R. A., on rocks of Purcell 
range, 351 

Damon’s Mound saline, Tex., 368, 

372, 374 

Dana’s Manual of Mineralogy (re- 
view of), 788 

Danburite, in tin deposits, 231 

Data, new, " volcanism, Brun’s 
(Winchell), 

Daubree, A., a association of tin 
veins with granitic rocks, 263; on 
production of cassiterite, 251; tem- 
perature in “ oil mines,” 536 


Davis Hill saline, Tex., 368 

Day, A. L., and ‘ghepbacd: ES. On 
forms of quartz, 684; on trans- 
formations for the measurement of 
geological temperatures, 682 

Day et. al., fusing points of minerals, 


5. 

Dayton saline, Tex., 368 

Dead rocks, behavior, 12 

Definitions—calorific capacity, 1; ex- 
plosion temperature, 1; fusing 
point of lava, 1; temperature of 
deformation, I 

Delaware Extension oil pool, Okla- 
homa, 726 

Delaware oil pool, Oklahoma, 726 

Delesse, A., on formation of faya- 
lite, 174 

Deposition, sequence at Dolores, 487 

Deposition of gold in nature, The 
transportation and (Lenher), 744- 
750 

Deposition theory of origin of salt 
domes, 129 

Derby, O. A., on the gold-bearing 
lode of Passagem, 290 

Detailed geologic mapping, The 
plane-table in (Ransome), 113-119 

Developments at Leadville, Some re- 
cent (Butler), 315-323 

Devil’s Slide Creek, 342 

Devonian iron ores of Germany and 
Hungary, 192 

Devonshire, tin deposits, 212 (table) 

Dewey, on solution of gold, 745 

Dewey oil pool, Oklahoma, 726 

Diabase, melting temperature, 686 

= flow, quartzite pebbles in, 
5 


Diagnosis, geological (editorial), 83- 


oOo 

Diallage, fusing point, 5 

Diamond, recent literature on, 102 

Dickman & MacKenzie, analysis by, 
53 

Diemer, M. E., experiment in pyriti- 
zation, 48 

Differential cementing in sandstone, 
708 

Differentiation (see also magmatic 
differentiation) ; in granite mag- 
mas, 233 

Dikes, 215, 222; in Pickering gneiss, 


7 ; 
Dillon, Montana, graphite deposits, 
Dimroth, O., on reversible trans- 


formations, 680 | ; 
Diopside, 334; fusing point, 4 
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Diorite, 343 
Dip angles, use in taking elevations, 
34 
Dips on geologic sections, graphic 
method for, 190 
Discussion—Abnormal temperatures 
on the Comstock lode (Locke), 
583-587 is 
Certain natural associations of 
gold (Lincoln), 87-88 


Coro-Coro, Bolivia, deposits 
(Strauss), 592-503 

Criteria for replacement ore 
bodies (Knox), 295 

Graphic method for dips on 
geologic sections (Hewett), 
190 

Llano-Burnet region, Texas 


(Paige), 593-594 : 
Necessity for a theory of dif- 

ferential cementing, in pros- 

pecting for oil (Johnson), 708- 


709 
Note on the effect of calcite 
gangue on the secondary en- 
richment of copper veins 
(Welsh and Stewart), 785 
Origin of iron ores (Singewald), 


IgI 
Origin of the anhydrite at the 
Ludwig mine, Lyon County, 
Nevada (Jones), 400 
Peculiar occurrence of 
(Coghill), 783 
Planetable in geologic mapping 
(Pelton and Irwin), 778 
Planetable in detailed geologic 
mapping (Higgins), 502 
Recent developments at Lead- 
ville, Colo. (Moore), 590-592 
Replacement of silicious rock by 
pyrite (Turner), 709 


silver 


Replacement ore_ bodies 
(Stevens), 105 . 
Specific gravity of mixtures 


(Sharwood), 588-590 
Teaching of economic geology 
(Smith), 297; (Tolman), 303 
Dissociation of calcium carbonate, 


Dittrich, M., on sericite, 56 


Dixon, Joseph, importation of 
graphite by, 419 } 
Doelter, C., on fusing points of 


minerals, 3; on temperature of lava 
of Vesuvius, 705; on transforma- 
tions for the measurement of geo- 
logical temperatures, 682 
Dolcoath tin-copper mine, Cornwall, 
270 
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Dolomite, cavities in, in Black Hills, 
532 

Dolores, sequence of deposition, 487 

Dolores and La Paz ores, genetic 
relations, 484 

Dolores intrusion, 444, 450, 486 

Dolores mine, at Matehuala, S. L. P., 
Mexico, The; Study of a contact 
metamorphic ore deposit (Spurr, 
Garrey, and Fenner), 444-484 

Dolores mine, Mexico, geology, 447; 
situation, 444, 445, 447 

Dolores veins, sampling for gold and 
silver, 479 

Dome structure of salines, 369 

Domes, salt, 122 

Don, J. R., on solution of gold, 745 

Drake’s saline dome, La., 368, 374 

Duluth gabbro, 147, 154; mineral 
composition, 177 

Duparc, Louis, review of paper by, 
202; on cepollino-marble in pegma- 
tites, 703 

Durangite, in tin deposits, 231 

Durham mine, Durham, Penna., A 
peculiar hematite ore on the tract 
of the (Bayley), 179-184 


Ear Mountain, Alaska, section, 227; 
tin deposit, 220 

East Kootenay, British Columbia, 
The origin of the silver-lead de- 
posits of (Schofield), 351-363 

East Kootenay ore deposits, com- 
parison with Coeur d’Alene ore 
deposits, 359 

Economic geology, Recent literature 
on (Loughlin and Goodspeed), 96; 
(Knorf and Umpleby), 303, 404, 
607; (Umpleby), 711 : 

Economic geology, St. Helens dis- 
trict, Washington, 349; teaching of, 
297, 303 j ; 

Bee Snel diagnosis, 83- 


Edlinger, W., on the Lancelot copper- 
tin vein, 270 

Effects of a basic igneous intrusion 
on a Lake Superior iron-bearing 
formation, The (Zapffe), 145-178 

Eggleston, on solution of gold, 746 

Einigkeit salt dome near Fallers- 
leben, section, 128 

Electra oil field, Texas, 723 

Electrical conductivity, 30 

Electrolytic action, in oxidation of 
sulphides, 28 

Eleolite, fusing point, 4 

Elevation, determination of, in plane- 
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table work, 781; by means of dip 
angles, 634 

Elisa mine, Sonora, Mexico, A geo- 
logical study of the (Lee), 324- 
339 

Elisa quartz-monzonite-porphyry, 330 

Elisa tuff, 330 

Elsass, Oberkutzenhausen, tempera- 
ture measurements, 538; Pechel- 
= temperature measurements, 


53 

Elvan, analyses, 216 

Emmons, S. F., on Cobalt district, 
Ontario, 510; on faulting in Butte 
district, 37; on metasomatism, 522; 
on ore deposits of Santa Rita dis- 
trict, N. Mex., 549; on origin of 
ores at Leadville, Colo., 320; on the 
Elisa mine, Sonora, Mexico, 333 

Emmons, H., on manganese in 
surface enrichment, 84; on outcrop 
of ore bodies, 512; on the agency 
of manganese in alteration and en- 
richment of gold deposits, 744; on 
the genetic classification of min- 
erals, 643 

Enantiotropism, 677 

Enargite, concentration, 72; experi- 
ment on, 24 

England, tin production, 212 

Enrichment of ore deposits, 554 

Epidote, 464; development in granite, 
50; fusing point, 3 

Equations representing replacement, 
defects of, 530 

Erosion, control over tin deposits, 
224; relation to iron ores in Cuba, 
673; Sierra del Fraile, Mexico, 452 

Erzgebirge, Albertham (tin deposits), 
section, 226; greisen, 235; tin de- 
posits, 212 (table); Zinnwald tin 
deposits, 221 

Esmeralda mine, La Paz district, 
Mexico, 482 

Everding, H., on Stassfurt rock salt 
deposits, 123 

Everetts, C. G. S., on loss of mag- 
netic properties in iron,656 — 

Examination of prospects, a mining 
geology (review), 590 

Experiments, on effect of calcite 
gangue on secondary enrichment of 
copper veins, 786; on oxidation of 
sulphides, 16 

Exploration, Use of geology in iron 
ore (Leith), 662-675 


Faithful claim, graphite deposits, 
Dillon, Mont., 439 
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Falconer, J. D., Nigerian tin; its 
occurrence and origin, 542-546 

Fault lines, controlling saline domes, 
Louisiana, 373 

Fault problems, graphical solution, 
301 

Fault systems, Elisa mining district, 
Sonora, Mexico, 330; relation to 
ore deposits, 331 

Faulting, Butte, Mont., 37; age of, 
Dolores mine, Mexico, 452; Lead- 
ville district, Colo., 317; St. Helens 
district, Washington, 347; Santa 
Rita district, N. Mex., 558; Sierra 
del Fraile, Mexico, 448 

Fayalite, 152; formation of, 174 

Federal Graphite Company graphite 
deposits, 769 

Feldspar, 265 

Fenneman, N. M., on saline domes, 


367 

Fenner, C. N., Spurr, J. E, and 
Garrey, G. H., Study of a contact 
metamorphic ore-depostt; the Do- 
lores mine, at Matehuala, S. L. P., 
Mexico, 444-484; study of rock 
collections, 446 

Ferguson, H. G., and Bateman, A. 
M., Geologic features of tin de- 
posits, 209-262 

Field equipment of geologist, 113 

Finland, tin deposits, 212 (table), 
225, 267 

Fissure system, St. Eugene deposit, 
East Kootenay, B. C., 356 

Fissure theory of the origin of the 
sulphide replacement ores, Lead- 
ville, Colo., 322 

— veins, Mina Mexico, Sonora, 
2 

Fissures, tin-deposits, 221 

Five Islands, Louisiana, 368, 374 

Flat Rock oil pool, Oklahoma, 727 

Fleming, J. A., on locus of magnet- 
izable substances, 657 

Flétze, 221 

Fluorite, 463; fusing point, 4; in tin 
deposits, 230; replacing limestone, 


529 
Flux, recent literature on, 102 
Folding, Santa Rita district, N. Mex., 


553 
Force of crystallization, 532 
Ford, W. E., review of work by, 788 
Form of salt deposits, The (Hahn), 
120-135 
Forsterite, fusing point, 4 
France, tin deposits, 212 (table) 
Franklin limestone, 766; origin, 773 
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Franklin Mountains, Texas, tin-bear- 
ing granite, section, 227; tin de- 
posits, 212 (table) 

Fulda, E., on salt deposits, 132 

Fumeroles, temperature, 12 

Fusing points of important minerals, 
3 


Gabbro, contact phase, Gunflint dis- 


trict, mineral composition, 178; 
containing graphite, 764 

Gale alidade, 622 

Galena, experiment on, 21, 22, 31; 


fusing point, 4; in tin deposits, 
230; replacing calcite, 530 


Galena deposition, Dolores mine, 
Mexico, 480 

Galicia, Spain, tin deposits, 212 
(table) 

Galle group, Ceylon, 424 

Garnet, 331, 458, 462; embedded in 


galena, 354 
Garnet-bearing rock, 
composition, 501 
Garnet epears of Warren County, 
New York, The (Miller), 493-501 

Garnet deposits, origin, 498 
Garnet mines, United States, 493 
Garnet rock, ‘analy sis, 332 


mineralogical 


Garrey, G. H., Fenner, C. N,, and 
Spurr, J. E., Study of a contact 
metamorphic ore-deposit; the Do- 


lores mine, at Matehuala, S. L. P., 


Mexico, 444-484 
Gas (see Natural gas) 


Gas deposits associated with qua- 
quaversal structure, The occur- 
rence of oil and (Clapp), 364-381 

“Gas” sand, 57 


Geinitz, G., on German salt deposits, 


125 

Genesis (see also Origin), silver-lead 
ores, East Kootenay, B. C., 358; tin 
deposits, 233 

Genetic relations of tin deposits, 
Some (Singewald), 263-279 

Genetic relationships, tin ores, 278 

Geologic and structural relations at 
Santa Rita (Chino) New Mexico, 
The (Paige), 547-559 

Geologic features of tin deposits 
(Ferguson and Bateman), 200-262 

Geologic mapping, Planetable 
methods as adapted to (Wege- 
mann), 621-637 

Geologic mapping, The plane-table in 
detailed (Ransome), 113-119 

Geologic mapping, 633; planetable 
method, 502 

Geologic maps—Cebolla iron district, 
Colo., 563; Elisa mining district, 
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Sonora, Mexico, 325; North Creek 
and Thirteenth Lake areas, New 
York, 495; Santa Rita district, N. 
Mex., 555 

Geological diagnosis (Irving), 83-86 

Geological occurrences, Transforma- 
tions and chemical reactions in 
their application to 
measurements of 
ger), 676-707 

Geological short-cuts, Some (Mead), 
136-144 

Geological study of the Elisa mine, 
Sonora, Mexico, A (Lee), 324-339 

Geological thermometers, 679; chem- 
ical reactions as, 699 

Geologist’s slide rule, 
139; operation, 140 

Geology in iron ore exploration, 
Use of (Leith), 662-675 

Geology of the graphite deposits of 
Pennsylvania, The (Miller), 762- 


temperature 
(Koenigsber- 


138 (plate), 


777 

Geology of the Mina Mexico vein, 
Notes on the (Hynes), 280-286 

Geology of the St. Helens mining 
district of Washington, The 
(Zapfie), 340-350 

Geology—Burro Mountains, N. Mex., 
turquoise deposits, 382; Butte, 
Mont., 36; Cebolla iron district, 
Colo., 562; Dolores mine, Mexico, 
447; Durham iron mine, 179; East 
Kootenay district, British Colum- 
bia, 351; Elisa mine, Sonora, 
Mexico, 326, Garnet deposits, 
Warren Co., N. Y., 493; Lahn-Dill 
district, Germany, 192; Leadville 
district, Colorado, 316; Mina 
Mexico district, Sonora, Mexico, 
280; Santa Rita district, N. Mex., 
552; Sturgeon Lake field, Ontario, 
751; tin regions, 212 

Geology of the Lake Superior region 
(review of), 595 

Geothermic gradient, 536, 539; in oil 
regions, 540 

German deposits of rock salt, 123 

Gessolungo-Trigona mine, Caltanis- 
setta, Sicily, sulphur beds, 737 

Gilsonite, 721 

Glenn oil pool, Oklahoma, 727 

— 767; containing graphite, 765, 
707 

Gneisses, Ceylon, 423 

Goergey, R., on salt deposits, 134 

Gogebic district, iron mines, 667 

Gold, action of thiosulphate on, 747; 
associated with wollastonite, 491; 
aurous state, 749; fusing point, 5; 
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La Paz mine, Mexico, 483; Lead- 
ville, Colo., 318; precipitation of, 
745, 740; recent literature on, 96, 
303, 404, 608, 7II; reduction of 
auric to aurous state, 749; solu- 
bility of, 745; solution in alkaline 
sulphides, 746 

Gold in nature, The transportation 
“ns deposition of (Lenher), 744- 

Gold deposits, Treadwell 
Alaska, 510 

Gold ore, Blue Bird mine, 287; Penn 
Yan property. Montana, 287 

Gold sulphites, 748 

Gold-bearing conglomerates of Wit- 
watersrand, 511 

Gold-copper veins, Chili, 271 

Goldfield, Nevada, dacite, Ulaceadok 
of, 248 

Golubjatnikow, on temperature meas- 
urement in Russia, 539 

Goodspeed, G. E., Jr., and Loughlin, 
G. F., Recent literature on eco- 
nomic geology, 96-100 

Gottschalk. V. H.. and Buehler, H. 
A., Oxidation of sulphides, 15-34 

Gould, C..N., Petroleum and natural 
gas in Oklahoma, 719-731 

Graeff, F., on marble inclusions at 
Oberschaffhausen, 701 

Grahamite, 721 

Graham’s saline, Tex., 368 

Grainsgill, Carrock Fell, 
greisen, 236 

Grand Cote saline, Week’s Islana, 
La., 368 

Grand saline, Tex., 368 

Granite, 753; analyses, 41, 216, 237- 
241, 753, 756, 761; Blue Bird mine, 
Montana, 290; Butte, Mont., 37- 
46; Ceylon, 425; kaolinitic phase, 
62; tin-bearing, 213; petrographic 
characters, 214 


mines, 


England, 


Granite and the source of vein- 
quartz at the St. Anthony mine, 
Hydrothermal alteration of 


(Moore), 751-761 
Granite mine, Coeur d’Alene, Idaho, 


359 

Granitic magmas, differentiation in, 
233, 

Granodiorite, 753 

Grant, W. H., geological work by, 


447 

Graphic method for dips on geologic 
sections, 190 

Graphical solution of fault problems 
(review), 301 
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Graphite, amount in Pickering gneiss, 
770; “curing,” 428; flakes, size and 
character, 770; forms of, 426 (pl. 
2); in acid gneisses, 767 : in basic 
gneisses, 765; in crystalline lime- 
stone, 442, 766; in gabbro, 764; in 
granitic rocks, 439; in lime-silicate 
rocks, 441; in-limonite ore, 764; in 
sandstone, 764; mining and prepa- 
ration for market, 427; modes of 
occurrence, 769-772; production in 
Ceylon, 420; exports, 421; recent 
literature on, 102, 306, 610; struc- 
ture, 438; uses and prices, 429 

Graphite deposits of Ceylon; a re- 
view of present knowledge with a 
description of a similar graphite 
deposit near Dillon, Montana 
(Bastin), 419-443 

Graphite deposits of Pennsylvania, 
eng geology of the (Miller), 762- 


Genite deposits, Ceylon, bibliog- 
raphy, 432; occurrence, 425; Dil- 
lon, Montana, 435; Lead Hill, New 
York, 443; Pennsylvania, location, 
762; occurrence, 764; origin, 774 

Graphite mines, Ceylon, location, 423 

Graphite veins, Ceylon, origin, 430 

Graphitic gneisses, Pa., relation to 
crystalline limestones, 772 

om L. P., review of work by, 


Gaston, L. C., on the Santa Rita 
region, New Mexico, 547 

Gravels, tin-bearing, Nigeria, 542 

Great Fault, Sierra del Fraile, S. L. 
P., Mexico, 449 

Green River, Washington, 342 


Greenalite, alteration to magnetite, 
168; analysis, 162 

Greene Co., Pa., gas field, 365 

Greenstones, Gunflint district, 148; 
metamorphosed, mineral composi- 
tion, 175 

Greisen, 234; Erzgebirge, analyses, 


237-240; New South Wales, an- 
alyses, 241 

Greisenization, 234; chemical changes 
in, 236; diagram, 246 

Grenville series, 493. 773 

Grossularite, 456; fusing point, 4 

Grossularite garnet, 458 

Groth, P., on chemical 
lography, 677 

Grubenmann, U., on stability of min- 
erals, 50 

Grupe, O., on salt domes, 121 

Gulf Coastal Plain, oil and gas indi- 
cations, 377 


crystal- 
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Snetint ferrous carbonate, analysis, 

162 

Gunflint iron-bearing formation, 146, 
150; analyses, 153; original char- 
acter, 160; recrystallization in, 172 

Gunflint iron district, geology, 146; 
location, 145 

aoe C. G., review of book by, 


od and pension at the Lud- 
wig mine, Lyon County, Nevada, 
The occurrence and origin of 
(Rogers), 185-189 

Gypsum, formed from anhydrite, 
188; Ludwig mine, Lyon County, 
Nevada, 185, 400 


Haase, von, on the double sulphite 
of gold and ammonium, 748 

Hackberry saline, La., 368 

Hager, Lee, on mounds in southern 
oil fields, 377 

Hahn, F. F., The form of salt de- 
posits, 120-135 

Halite, fusing point, 

Hallowell, J. K., on the Cebolla iron 
deposit, 560 

Hamilton oil pool, Oklahoma, 728 

Hand compass, for field use, 623 

Hanover t 4 of salt deposits, 124 

Harbort, on origin of salt de- 
posits, 1313 on salt domes, 121; on 
the origin of certain Devonian 
hematites, 193 

Harker, Albert, on conversion tables, 
136; on Grainsgill greisen, 245 

Harris, G. D., on Cretaceous rocks 
of salines, 360; on distribution of 
salt domes, 374; on origin of salt 
domes, 132; on salt domes, 121, 
367; on Spindle Top dome, 370 

Harrison Co., Ohio, anticlinal bulge, 


366 

Haskell County, Oklahoma, oil and 
gas prospects, 730 

Hatch, F. H., review of book by, 203; 
on gold-bearing conglomerates of 
Witwatersrand, 511 

Hautefeuille, P., on inversion of 
sphalerite into wurtzite, 71 

Hauynite, fusing point, 5 

Hawley. F. G., analyses by, 320, 332, 


335 
Hayes, C. W., on origin of salt 
domes, 130 


Hayes, C. W., and Kennedy, Wm., on 
saline domes, 367, 374 
Hedenbergite, 461; fusing point, 5 
Heemskirk, Tasmania, tin deposits, 
212 (table) 
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Hematite, fusing point, 4 

Hematite ore on_the tract of the 
Durham mine, Durham, Penna., A 
peculiar (Bayley), 179-184 

Hematite ores, Adirondacks, 181 

Henrietta diorite-porphyry, 328 

Henryetta oil pool, Oklahoma, 728 

Herberton, Queensland, tin deposits, 
212 (table) 

Hershey, O. H., on the Treadwell 
mines, Alaska, 510 

Heterosite, in tin deposits, 231 

Hewett, D. F., discussion by, 190 

Hickling, George, on origin and na- 
ture of china-clay, 3 

Higgins, D. F., discussion by, 502 

High — saline dome, Texas, 368, 
372, 

Hill, R 7 crystallization theory of 
salines, 377; on origin of salt 
domes, 130; on Spindle Top oil 
field. 277 

Hintze, C., on analyses of tridymite 
and cristobalite, 690 

History, graphite mining, Pa., 762 

Hofer, Hans v., Temperature in oil 
regions, 536-541 

Hégbom, G., on the nepheline 
syenite of Aln6, 701 

Hogshooter gas field, Oklahoma, 726 

Homestake granite, 39 

Hooper garnet mines, 493, 494, 497 

Hoppe-Seyler, on reduction of cal- 
cium sulphate, 738 

Hornblende, fusing point, 3 

Hoskins Mound saline, Tex., 368, 372 

Hot springs, Cebolla district, Colo., 


505 
Hughes County, Oklahoma, oil and 
gas prospects, 729 
Humdle saline dome, Texas, 368, 371 
Hunst, W. F., review by, 604 
Hunt, T. S., on the origin of Srantine, 


431 

Hydrogen sulphide, in water of 
Black Sea, 740; in water of 
Wiessowo Salt Lake, 740 

Hydrogen sulphide, source, 733 

Hydrolysis, in experimental oxida- 
tion of sulphides, 18 

Hydrous silicates. 475 

Hydrothermal alteration of granite 
and the source of vein-quartz at 
the St. Anthony mine (Moore), 
751-761 

stvarotpering| alteration, 246 

Hynes, D. P., Notes on the geology 
of the Mina Mexico vein, 280-286 

Hypersthene, fusing point, 4 
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Hypersthene-tridymite druses, 696 


Idioblast, 528 

Iddings, J. P., review of work by, 90; 
on conversion of analyses, 136; on 
formation of fayalite, 174 

Igneous intrusion on a Lake Superior 
iron-bearing formation, The effects 
of a basic (Zapfie), 145-178 

Ilmenite, fusing point, 4; in tin de- 
posits, 231; transformation, 678 

Illinois oil fields, map of, 575 

Illinski, A. X., analyses by, 34 

Inclusions in magmas, 689 

Interaction of minerals, 64 

Introduction to the study of minerals 
(review of), 

Intrusions, Dolores mine, Mexico, 
452; Santa Rita district, N. Mex., 
552, 556 ; 

Iron, geological evidence for exist- 
ence in igneous rocks, 657; loss of 
magnetic properties, 656; recent 
literature on, 98, 99, 304, 405, 608; 
sulphidation of, 49 

Iron deposits, Cebolla district, Colo., 
566; Lake Superior region, 595 

Iron formation, Gunflint district, 
151; mineral composition, 176 

Iron formation contacts, Gunflint dis- 
trict, mineral composition, 176 


Iron Hill, Cebolla district, Colo., 
view of, 565 
Iron Hill ore deposits, Leadville, 


Colo., 321 

Iron mines and mining, New Jersey, 
204 

Iron ore deposits of the Cebolla dis- 
trict, Gunnison County, Colorado, 
The (Singewald), 560-573 

Iron ore exploration, Use of geol- 
ogy in (Leith), 662-675 

Iron ores (see also Hematite ores) ; 
analysis, 570; Clinton, 507; Gun- 
flint district, mineral composition, 
175; Lake Superior region, 507; 
Llano-Burnet region, Texas, 593; 
Pennsylvania, 765 

Iron resources of world, develop- 
ment of, 200 

Iron River district, iron mines, 667 

Iron sulphides, precipitation by car- 
bon, 768 

Irregularities of the lines of mag- 
netic declination and the petroleum 
fields, The lack of association of 
the (Tarr), 647-661 

Irving, J. D., Geological diagnosis, 
83-86; on cavities in silicified 
dolomite, 532; on fidelity of re- 
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placement, 531; on 
ore bodies, 511, 524 

Irving, J. D., and Bancroft, H., on 
tetrahedrite as a primary mineral, 

Irwin, D. D., and Pelton, E. F., The 
plane-table in geologic mapping, 
778-783 

Isoclinals, 653 

Isogonics, irregularities in Minnesota 
and Wisconsin, 650 

Isomerism, 676 


replacement 


Japan, Echigo oil field, geothermic 
gradient, 539 

Japan, tin deposits, 212 (table), 219 

Japanese sulphur deposits, origin, 


733. 
Jarosite, 385 
Jefferson Co., Ohio, anticlinal bulge, 


3! 
Jennings oil field, Louisiana, 371, 


374 
Johnson, R. H., discussion by, 708 
Johnson Co., Wyo., anticlinal bulge, 


Johnston, J., on pressure of carbonic 
acid over calcium carbonate, 699 
Joly, J., fusing points of minerals, 3 

Jones, J. C., discussion by, 400 


Kalicky, on temperature measure- 
ment, 530 

Kaolinitic phase of granite, 62 

Kaolinization, 64-67 

Katamorphism, St. 
Washington, 348 

i County, Oklahoma, oil fields, 


Helens district, 


72! 

Keewatin basic rock in granite, 752 
Keewatin greenstones, Gunflint dis- 
trict, 146, 147; composition, 149 
Kemp, J. F., review by, 595; defini- 
tion of paragenesis, 639; on con- 
tact metamorphic ore deposits, 491; 
on contact phenomena, 5II; on 

conversion of analyses, 136 

Kemp, J. F., and Newland, D. H., on 
origin of garnet deposits, 499 

Kentucky, variations in magnetic dec- 
lination, 650 

Keweenawan rocks, Gunflint district, 
153; composition, 155; norm, 155 

Killas, 222 

Kings saline dome, 374 

Kirk, C. T., Conditions of mineral- 
ization in the copper veins at 
Butte, Montana, 35-82 

Kirkwood oil sand, 578, 579 

Kiser’s Hill saline, Tex., 368 
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Klein, C., on transformation of leu- 
cite, 678 

Klockmann, F., on paragenetic varie- 
ties of minerals, 642 

Kloos, J. H., on perthite, 157 

Knapp, I, N., on anticline controlling 
saline domes, 375 

Knopf and Schaller, on use of term 
paragenesis, 640 

Knopf, Adolph, and Umpleby, J. B., 


Recent literature on economic 
geology, 303-310, 404-413, 607-015 
Knox, H. H., discussion by, 295 


Koenen, v., on German salt deposits, 


125 

Koenigsberger, Johann, Transforma- 
tions and chemical reactions in 
their application to temperature 
measurements of geological occur- 
rences, 676-707; on temperature 
measurements, 539; on transforma- 
tions for the measurement of geo- 
logical temperatures, 682 

Koenigsberger, J., and Reichenheim, 
O., on transformation of pyrite, _ 

Koenigsberger, J., and Schilling, K a 
on transformation of silicon, 678 

Kolb, R., on changes in quartz, 682 

Krecke, F., on the origin of certain 
Devonian hematites, 193 

Krusch, P., on iron deposits, 562; on 
pneumatolytic- metasomatism, 252; 
on tin deposits, 265 

Kulaite, 701 

Kursk, Russia, anomaly in magnetic 
declination, 651 

Kurunegale district, Ceylon, graphite 
veins, 426 

Kynaston, H., and Mellor, E. T., on 
Transvaal tin pipes, 22; 

Kyser saline, Texas, 372 


Labradorite, ar point, 3, 4 

Lachmann, R., German salt de- 
posits, 125; on ge tris of salt de- 
posits, 132; on salt domes, 121 

Lacroix, A., on inclusions in volcanic 
rocks, 689; on magnetite, 642; on 
origin of cordierite, 166; on the 
study of minerals, 638; on tri- 
dymite in Mont Pelée, 691; on 
volcanic rocks, 686 

Lack of association of the irregulari- 
ties of the lines of magnetic dec- 
lination and the petroleum fields, 
The (Tarr), 647-661 

Lahn-Dill iron district, 
192 

Lake Superior iron-bearing forma- 

tion, The effects of a basic igneous 

intrusion on a (Zapffe), 145-178 


Germany, 
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Lake Superior eg ores, 
ploration of, 

Lake Superior ration geology, 595 

Lakes, Arthur, on the Cebolla iron 
deposit, 561 

Lancelot copper-tin vein, Herberton 
district, Queensland, 270 

Laney, F, B., on copper ores of 
ble rig district, 75 

Lane, C., on copper deposits of 
Michigan, ’509 

Langhorne, Pa., 
762 


507; ex- 


graphite deposits, 


Le Paz and Dolores ores, genetic 
relations, 484 
a Paz mines, Dolores district, 
Mexico, 482 


Lapparent, A. de, on the formation 
of sericite, 57 

La Salle anticline, 574 

Laspeyres, on sericite, 55 

Latimer County, Oklahoma, oil and 
gas prospects, 720 

Latite, 201 

Lava, calorific capacity, 1; explosion 
temperature, I; fusing point, 1; 
temperature data on, 2; tempera- 
ture of deformation, 1 

Lava flows, Kula Dewlit, 701; meas- 
urement of temperature of, 705; 
Santa Rita district, N. Mex., 552 

Lavas, St. Helens district, Washing- 
ton, 344; temperature during vol- 
canic activity, 13; water in, 13 

Lawrence Co., IIl., oil field, 57 

Laxapana graphite mine, Ceylon, sec- 
tion, 428 

Lead, association with tin deposits, 
232; Leadville, Colo., 318; recent 
literature on, 100, 305, 608, 7II 

Lead and zinc ores, Ozark region, 
508; Wisconsin district, 508 

Lead deposits, A ou Kootenay dis- 
trict, ss. CG. 

Lead Hill, ee York, graphite de- 
posit, 443 

oe Colo., recent developments 


Leadulle, Some recent developments 
at (Butler), 315-323 

Leadville fissure vein, 315 

Lebachose, analysis, 216 

Lebedinzeff, on hydrogen sulphide in 
water of Black Sea, 740 

Le Chatelier, H., on pressure of car- 
bonic acid over calcium carbonate, 

; on transformation of quartz, 

678, 682 

Lee, M. L., A geological study of the 

Elisa mine, Sonora, Mexico, 324- 

339 
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Le Flore County, Oklahoma, oil and 
gas prospects, 730 

acum O., on influence of chem- 
ical grouping on crystal frame- 
work, 677 

Leith, C. K., Use of geology in tron 
ore exploration, 662-675; on Lake 
Superior iron ores, 508 

Leith, C. K., and Harder, E. C., on 
circular diagram method of com- 
paring analyses, 142 

Lenapah oil pool, Oklahoma, 726 

Lenher, Victor, The transportation 
and deposition of gold in nature, 
744-750; on solution of gold, 745 

Lerch, O., on origin of salt domes, 
130 

Lerch Bros., analysis by, 153 

Leucite, fusing point, 4; transforma- 
tions, 678 

Leucite glass, temperature data on, 
2 

Lime-silicate gangues, distribution, 
492 

Limestone, 766; alteration by contact 
metamorphism, 702; altered, 468; 
analysis, 335; as locus of replace- 


ment ore bodies, 295; containing 
graphite, 766; metamorphism of, 
Dolores mine, Mexico, 454; re- 


placement by smithsonite, 530; re- 
placement of, 529 


Limonite, association with tin de- 
posits, 232; pseudomorphs after 
pyrite, 526 


Limonite ore containing sraphite, 764 

Lincoln, F. C., discussion by, 87 

Lincoln County, Oklahoma, oil pros- 
pects, 720 

Lindgren, Waldemar, The nature of 
replacement, 5 521-535; on anhvdrite 
in Beaver County, Utah, 189; on 
contact metamorphic deposits, 84; 
on fidelity of replacement, 531; on 
formation of kaolin, 63; on meta- 
somatic processes in fissure veins, 
289; on replacement, 523; on the 
genetic classification of minerals, 


643 

Lindley oil sand, 579 

Lines of magnetic declination and 
the petroleum fields, The lack of 
association of the irregularities of 
the (Tarr), 647-661 

Liparose, analyses, 217 

Literature (see Bibliography) 

Literature on economic geology, Re- 
cent (see Recent literature, etc.) 

Lithology, St. Helens district, Wash- 
ington, 343 
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Liversidge, A., on solution of gold, 


74 

Llano-Burnet region, Texas, 
mineral resources, 403 

Location by triangulation, 624 

Locke, Augustus, discussion by, 583 

Lode fissure, 221 

Lode tin, countries where mined, 212 

Lodes, normal, tin deposits, 221; 
pegmatitic, tin deposits, 222 

Loewinson-Lessing, definition of 
paragenesis, 639 

Logan sills, 147, 153, 158; mineral 
composition, 177 

Logo, Prof., analyses by, 751 

Losee gneiss, 179 

Louderback, G. D., on gypsum in 
Nevada, 189; on Triassic fossils in 
Nevada, 400; Louemma vein, Lead- 
ville, 315 

— G. F., and Goodspeed, G. 

Jr., Recent literature on eco- 

nomic geology, 06-109 

Lovelock, Nevada, gypsum deposits, 


593; 


400 

Lucas, A. C., discovery of oil in 
saline domes, 377 

Lucas, A. F., on Five Islands, Loui- 
siana, 368 

—— Nevada, gypsum deposits, 

pe vig mine. Lvon County, Nevada, 
The occurrence and origin of 
gvpsum and anhydrite at the 
(Rogers), 185-189 

Ludwig mine, location, 
section, 186 

Ludwigite, 266 

Luxer vein, tin deposits, 265 

Luxullianite, 218 


185; cross- 


Macalister, D. A., on 
veins, 270 

eae W. J., on 
gold, 

Metlesier ¢ sand, 578, 579 

MacDonald, D. F., on Big Eight and 
B. B. ore bodies of Idaho, 361 

McFarland, D. F., analysis of iron- 
ore by, 183 

MclTlhiney, on solution of gold, 745 

McLeansboro formation, Crawford 
Co., Ill., 576 

Magdeburgose, analysis, 216 

Magma, alaskite-quartz, 474 

Magmas, alaskite quartz, addition of 
lime, 486; granitic, differentiation 
in, 233; solidifying, direct meas- 
urements of temperature of, 705; 
temperatures of, 706 


copper-tin 


solution of 
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Magmatic differentiation, 474; Sierra 
del Fraile, Mexico, 453 

Magnesium sulphate, reduction, 739 

Magnetic belts, relation to iron de- 
posits, 664 

eer: declination and the petro- 
leum fields, The lack of association 
of the tye of the lines of 
(Tarr), 6 

Magnetic Scehaktion, anomalies, 650 

Magnetic declination lines, 1905 and 
1910, map of, 647 

Magnetic stations, corresponding 
irregularities in declination, 652; in 
the United States, 649 

Magnetism of rocks, 660 

Magnetite, fusing point, 5; in tin de- 
posits, 230; species of, 641, 642; 
oe Cebolla district, Colo., 


aiay Peninsula, tin deposits, 268 

Malay States, tin deposits, 212 
(table) 

Mallard, E., on tridymite, 694 

Mallard, E., and Le Chatelier, H., on 
transformation of boracite, 678 

Manganese, Leadville, Colo., 318; re- 
cent literature on, 90 

Mann, on perthite, 157 

Many saline, La., 368 

Map, scale of, in planetable work, 624 

Mapping, The plane-table in detailed 
geologic (Ransome), 113-119 

Mapping, 779; geologic, planetable 
method, 502; outfit for, 622 

Maps—anticlinal-bulge type of qua- 
quaversal structure, Greene Co., 
Pa., and Marshall Co., W. Va., 365 ; 
distribution of saline domes in 
Louisiana, 373; distribution of tin 
deposits, 211; East Kootenay dis- 
trict, 3: C., 352: Illinois oil fields, 
575; Island of Ceylon, showing 
graphite mines, 422; magnetic dec- 
lination lines, 1905 and 1910, 647; 
Vinton dome, La., surface topog- 
raphy, 368 (see also Geologic 
maps) 

Marcasite, experiments on, 16, 20, 21; 
oxidation, reaction equations, 16 
Marshall Co., W. Va., gas field, 365 
Mayes County, Oklahorna. oil and 


gas, 728 

Maynaid, G. W., analyses of iron 
ore by, 180 

Mead, W. J., Some geological short- 


cuts, 136-144 
Meerschaum, recent literature on, 102 
Metacryst, 528 
Metalliferous deposition a magmatic 
phase, 488 
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Metalliferous deposits, recent litera- 
ture on, 96, 303, 404, 607, 711 

Metamorphic minerals, sequence, 457 

ar ae W., on calcite and aragonite, 


Meionite, fusing point, 5 

Melanite, fusing point, 4 

Menominee district, iron mines, 667 

Mergui district, Burma, tin deposits, 
212 (table), 223 

— district, amount of iron ore, 


5 

Mesabi ferrous silicate, analysis, 162 

Mesabi range, iron beds, 

Mesabi taconite, analysis, 161 

Mesa-tuff, 330 

Metamorphism, by substitution, 457; 
Dolores mine, Mexico, 444; in 
formation of Pennsylvania graph- 
ites, 775; methods of, Dolores 
mine, Mexico, 455; sequence of 
events in, 466; St. Helens district, 
Washingon, 347; Santa Rita dis- 
trict, N. Mex., 556; types in Co- 
briza area, 455; types in the Do- 
lores area, 456 (see also Contact 
metamorphism) 

Metamorphosing solutions, composi- 
tion, 466; origin, 473 

Metasomatic crystals, 533 

Metasomatism, 238, 521 

Metasome, 528 : 

Mexico, Conejos, sulphur veins, 734; 
tin deposits, 212 (table); tin de- 
posits associated with Tertiary 
rhyolites, 218; Vera Cruz, geo- 
thermic gradient, 539 


Mica, a primary constituent of 
granite, 14 . 
Michigan, area of known iron 


formation, 663; copper deposits, 
509; iron ore reserves, 

Micklucho Maclay, M. von, on cas- 
siterite in granite, 252 

Microcline, fusing point, 3 

Microphotographs—diabase intruded 
into quartzite conglomerate, 685; 
rocks from Elisa mining district, 


Sonora, Mexico, 335, 336, 338; 
silver ore, 283, 284, 784 (see also 
Photomicrographs ) 


Mid-Continent oil field, production, 
719 

Miers, H. A., on the characters of a 
mineral, 641 

Mihalose, analysis, 217 

Miller, B. L., The geology of the 
graphite deposits of Pennsylvania, 

762-777 
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Miller, W. J., The garnet deposits of 
Warren County, New York, 493- 
501 

Mina Mexico vein, Notes on the 
geology of the (Hynes), 280-286 
ina Mexico vein, geology and 
petrology, 280-282; location, 280; 
paragenesis, 285 

Mine Hill iron deposits, 180 

Mineral deposits in sericite gneiss- 
sericite schist, 698 

Mineral occurrences, classification, 
Af 

Mineral paints, recent literature on, 
102 

Mineral 


resources, Llano-Burnett 
region, Texas, 403 
Mineral gosings, Cebolla district, 
Colo., 565 


Mineraliz zation in the copper veins at 
Butte, Montana, Conditions of 
(Kirk), 35-82 

Mineralogical associations in tin de- 
posits, 228, 229 

Mineralogy, 203 

Mineralogy; an introduction to the 
theoretical and practical study of 
minerals (review of), 789 

Minerals, The paragenesis of 
(Rogers), 638-646 

Minerals, conductivity, 31; fusin 
points of, 3; in association wit 
cassiterite, genetic distribution and 
gradation, 255; origin, 387; para- 
genesis, university course in, 644; 
study of, 604; transformations of, 
534; types of occurrence, 643 

Mineville, Y., variation in mag- 
netic declination, 654 

Minnesota, area of known iron 
formation, 663; variations in mag- 
netic declination, 650 

Mining engineer, 303 

Mining geology, 590 

Mississippi lime formation, 720 

Mississippi River, lower course de- 
termined by syncline, 375 

Mississippian rocks, Oklahoma, 720 

Mixtures, specific gravity of, 588 

Modoc porphyry, 36, 76 

Moissan, H., on alteration of pyrite 
to pyrrhotite, 165; on the origin of 
graphite, 431 

Molybdenite, in tin deposits, 230 

Monazite, in tin deposits, 231 

Montana, Blue Bird mine, 287 

Montana, Butte, Conditions of min- 
eralization in the copper veins at 
(Kirk), 35-82 
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Monzonite, 459; intrusive, 450; meta- 
morphism of, 457; Dolores mine, 
Mexico, 454 

Moore, C. J., discussion by, 590 

Moore, E. S., Hydrothermal altera- 
tion of granite and the source of 
vein-quartz at the St. Anthony 
mine, 751-761 
orris, D. K., on decline of magnetic 
permeability i in iron, 656 

Morris oil pool, Oklahoma, 728 

Moses and Parsons, definition of 
paragenesis, 639 

Mound House, Nevada, gypsum de- 
posits, 400 

Mt. Bischoff, Tasmania, tin deposits, 
212 (table) 

Mt. Heemskirk granite, Tasmania, 


27 

Mount St. Helens, 340 

Mt. Zeehan district, Tasmania, stan- 
nite ores, 272 

Miigge, O., on temperature determi- 
ane of geological occurrences, 


2 

Mihlberg, Max, on 
measurements, 539 

Miller, J., on measurement of 
transformations, 677 

Miiller, W. J., and Koenigsberger, J., 
on water a non-mineralizer, 

Murray and Irvine, on reduction of 
magnesium sulphate, 740 

Muscovite, fusing point, 4; in tin de- 
posits, 230 

Muskogee County, Oklahoma, oil 
fields, 728 


temperature 


Nadson, on hydrogen sulphide in 
Wiessowo Salt Lake, 740 

— Co., Wyo., anticlinal bulge, 
3 

Natural gas, recent literature on, 103, 
307, 406, 611 

Natural gas and petroleum fields, 
classification, 364 

Natural gas in Oklahoma, Petroleum 
and (Gould), 719-731 

Natural history of clay (review of), 

I 


Nature of replacement, The (Lind- 
gren), 521-535 ; 

Nebraska, variations in magnetic dec- 
lination, 651 

Negreet saline, La., 368 

Nephelite, fusing point, 4 

Nevada, mining districts, 602 

New data on volcanism, Brun’s 
(Winchell), 1 

New England district, New South 
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Wales, section, 227; deposits, 212 
(table), 224 ; 
Newland, D. H., on garnet deposits, 


499 

New Monarch vein, Leadville, 315 

New Ross, Nova Scotia, tin-bearing 
pegmatite, 218 

New south Wales, 
greisen, analyses, 241; greisen, 235; 
pipes (tin deposits), 222; tin de- 
posits, 212 (table), 224 

News, Scientific notes and (see 
Scientific notes and news) 

Nigeria, tin deposits, 212 (table) 

Nigerian tin; its occurrence and 
origin (Falconer), 542-546 

Noble County, Oklahoma, oil pros- 
pects, 728 ; 

Non-metallic products, recent litera- 
ture on, 100, 306, 406, 609, 713 

North Carolina, tin deposits, 
(table), 265 

Notes and news, Scientific (see Sci- 
entific notes and news) 

Notes on the Blue Bird mine (Win- 
chell and Winchell), 287-204 

Notes on the geology of the Mina 
Mexico vein (Hynes), 280-286 

Nova Scotia, tin deposits, 212 (table) 

Nowata County, Oklahoma, oil pools, 
726 


granite and 


212 


Oakland City oil sand, 579 

net Graupen, Bohemia, tin deposits, 
aI 

Oberstritten, 
ments, 536 

Obsidian, temperature data on, 2 

Occurrence and origin of gypsum and 


temperature measure- 


anhydrite at the Ludwig mine, 
Lyon County, Nevada, The 
(Rogers), 185-189 


Occurrence of oil and gas deposits 
associated with quaquaversal struc- 
ture, The (Clapp), 364-381 

Ochsenius, C., on the source of sul- 
phur, 739 

Oglesby oil pool, Oklahoma, 726 

Oil, in the Red beds, Oklahoma, 
723; production of Spindle Top, 
371; prospecting for, need of 
theory of differential cementing, 
708; recent literature on, 103, 307, 
406, 611; sedimentary deposition 
of, 91; seepages in Gulf Coastal 
Plain, Mexico, 380 

Oil and gas deposits associated with 

quaquaversal structure, The occur- 

rence of (Clapp), 364-381 
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Oil and gas, surface indications in 
Gulf Coastal Plain, 377 

Oil fields of Crawford and Lawrence 
counties, Illinois, The structural 
aeemere of the (Blatchley), 574- 
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Oil fields, correspondence with saline 
domes, 370; essential structural 
features, 380; Illinois, map of, 575; 
Lawrence Co., Ill., 578; Oklahoma, 
future prospects, 730; Vera Cruz 
and Tamaulipas, Mexico, 378; vol- 
canic neck type of structure, 377 

Oil pools, Gulf of Mexico, 374 

Oil regions, Temperature in (Hofer), 
536-541 

Okfuskee County, Oklahoma, oil 
prospects, 729 

Oklahoma, areas of possible oil or 
gas fields, 724; areas not likely to 
produce oil or gas, 724 

Oklahoma, Petroleum and 
gas in (Gould), 719-731 

Okmulgee County, Oklahoma, oil 
fields, 727 

Okmulgee oil pool, Oklahoma, 727 

Oligoclase, fusing point, 3 

Omelianski, W., on the development 
of hydrogen sulphide, 739 

Omeose, analysis, 216 

Ontario, adjacent to Lake Superior, 
area of known iron formation, 663; 
iron ores, explorations of, 670 

Ore bodies, outcrop of, 512; relations 
to wall rocks, 69; replacement, 195 

Ore deposition, a magmatic phase, 
487; Dolores mine, Mexico, 477; 
literature on, 108 

Ore deposition, Theory of (Spurr), 
485-492 

Ore deposits, Cebolla district, Colo., 
566; East Kootenay district, B. C., 
352, 353; Elisa mine, Sonora, 
Mexico, 337; occurrence, Leadville 
district, Colo., 317; types of, 507 

Ore formation, chronologic order, 
Santa Rita district, N. Mex., 554 

Ore shoots, causes of, 512 

Ore-zones, definition, 489 

Origin—anhydrite, 189; anhydrite at 
Ludwig mine, Lyon County, 
Nevada, 400; copper deposits, Coro- 
Coro, Bolivia, 502; copper ores of 
Butte, Mont., 75, 78; chalcocite, 
75; garnets, 408; graphite, Pennsy!- 
vania, 771, 774; graphite veins, 
Ceylon, 430; heat in Comstock 
lode, 585; iron ores, 191; Adiron- 
dacks, 181; Lahn-Dill district, Ger- 
many, 103; Japanese sulphur de- 


natural 
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posits, 733; metamorphosing solu- 
tions, 473; ores at Leadville, Colo., 
320-322; pegmatites in graphite de- 
posits, Pa., 771; salt deposits, Ger- 
many, 124; salt domes, 129, 376; 
solutions producing contact meta- 
morphism, 485; sulphide replace- 
ment ores, Leadville, Colo., 322; tin 
deposits, Bolivia, 275; Nigeria, 544; 
titaniferous magnetite, Cebolla dis- 
trict, Colo., 569-572; turquoise de- 
ya Burro Mountains, N. Mex., 
3 
Origin of gypsum and anhydrite at 
the Ludwig mine, Lyon County, 


Nevada, The occurrence and 
(Rogers), 185-189 
Origin of sulphur deposits, The 


(Stutzer), 732-743 

Origin of the silver-lead deposits of 
East Kootenay, British Columbia, 
The (Schofield), 351-363 

Origin of turquoise in the Burro 
Mountains, New Mexico, The 
(Paige), 382-392 

Orthoclase, fusing point, 3; in tin de- 
posits, 230 

Orthoclase glass, temperature data 


on, 2 

Orton, E., on absence of petroleum in 
Archean rocks, 

Oruro tin deposits, Bolivia, 27 

Osage County, Oklahoma, ca fields, 
727 

Osann, A., on conversion tables, 136 

Ostwald, W., on monotropic poly- 
morphism, 

Ouachita Mountains, Oklahoma, 721 

Otontepec mountains, Vera Cruz, 
Mexico, 380 

Outcrop of ore bodies, 512 

Oven mountain, garnet mine, 496 

Oxidation of sulphides (Gottschalk 
and Buehler), 15-34 

Ozark region, lead and zinc ores, 508 

Ozark uplift, Oklahoma, 720 


Pacing, in planetable mapping, 630 

Paige, Sidney, The geologic and 
structural relations at Santa Rita 
(Chino), New Mexico, 547-550; 
The origin of turquoise in the 
Burro Mountains, New Mexico, 
382-392; discussion by, 593; re- 
view of book by, 403 

Palache, Charles, on use of term 
paragenesis, 630 

Palestine saline, Tex., 368 

Palladium, fusing point, 5 
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Pantellerose, analysis, 217 

Paper, for field sketching, 622 

Paragenesis, andesite of Strombolic- 
chio, 603; definitions, 630, 640; dif- 
ferent uses of term, 638, 640; Mina 
Mexico vein, 285; of minerals, 
Elisa mining district, Sonora, 
Mexico, 337; of ores, East Koo- 
tenay district, B. C., 354, 358; uni- 
versity course in, 644 

Paragenesis of ae 
(Rogers), 638-6 

Paragenetic ae 641 

Paragonite, 757 

Parker garnet mine, 494 

Parsons, James, on graphite deposits 
of Ceylon, 433 

Pawnee County, Oklahoma, oil fields, 


The 


727 

Payne County, Oklahoma, oil pros- 
pects, 728 

Pearce, R., on wurtzite at Butte, 71 

Peculiar hematite ore on the tract of 
the Durham mine, Durham, Penna. 
(Bayley), 179-184 

Phillips pyrites mine, Peekskill, N. 

7 231,235 

Pegmatite, tin-bearing, 218 

Pegmatitic tin deposits, 264 

Pegmatitic tin lodes, 222 

Pegmatites containing graphite, 771 

Pelton, E. F., and Irwin, D. D., The 
plane-table in geologic mapping, 

778-783 

Pencils, for field mapping, 623 

Pennsylvania graphite mine, 768 

Pennsylvanian rocks, Lawrence Co., 
‘Ill, 578; Oklahoma, 721 

Pennsylvanian series, Crawford Co., 
Ill., 575 

Penn Yan property, Montana, 287 

Penokee-Gogebic ferrous carbonate, 


162 

a ga ie ferruginous chert, 
161 

Penrose, R. A. F,, Jr, on some 
causes of ore shoots, 512 

Perak tin deposits, 268 

Perlite, temperature data on, 2 

Permian rocks, Oklahoma, 720 

Permic salt deposits, Germany, 123 

Perryman oil pool, Oklahoma, 727 

Perthite, 156; analyses, 157 

Petite Anse saline, Avery’s Island, 


La., 368 
Petrolia oil field, Texas, 723 
Petroleum (see also Oil) 
Petroleum and natural gas fields, 
classification, 364 
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Petroleum and natural gas in Okla- 
homa (Gould), 719-731 

Petroleum fields, The lack of asso- 
ciation of the irregularities of the 
lines of magnetic declination and 
the (Tarr), 647-661 

Pettinos Bros., exporters of graphite, 


421 

Phalen, W. C., The origin of sulphur 
deposits (translation from Stut- 
zer), 732-743 

Phenacite, in tin deposits, 231 

Phillips, A. H., review of work by, 


7 
Phosphates, recent literature on, 104, 
307, 406, O11 
Photomicrographs—biotite, 43; chal- 
copyrite veinlet through garnet, 
332; pyrite in biotite, 47; tour- 


maline-bearing ore, Blue Bird 
mine, Montana, 203 (see also 
Microphotographs) 

Pickering gneiss, 767, 768; origin, 


773 
Pickering Valley, Pa., graphite mines, 
6 


763 

Pillow-lava from the Kiruna district 
(review of), 710 

Pine Prairie oil field, Louisiana, 371 

Pipervaut and Vila, on sulphidation 
of iron, 49 

Pipes, tin deposits, 222 

Pitkaranta, Finland, tin deposits, 212 
(table), 267 

Pittsburg County, Oklahoma, oil and 
gas prospects, 730 

Pittsmont mine, structure of rocks 


in, 65 
Plan of graphite mine, Dillon, Mont., 


437 : 

Plane-table, construction, de- 
scription, 622 

Plane-table in eeiaatid geologic map- 
ping, The (Ransome), 113-119 

Planetable in detailed geologic map- 
ping (discussion), 502 

Plane-table in geologic mapping, The 
(Pelton and Irwin), 778-783 

Plane-table board, construction, 114; 
directions for use, 117 

Planetable mapping, method of pro- 
cedure, 625; outfit, 622 

Planetable methods as adapted to 
geologic mapping (Wegemann), 
621-637 

Planetable needles, 623 

Platinum, 491; fusing point, 5; recent 
literature on, 406; Ural Mountains, 


779; 


202 
lumbago (see Graphite) 


‘Pochuck 
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Pneumatolytic-metasomatism, 252 
neiss, 179 . 

Polymorphism, 676, 677 

Ponca City oil pool, Oklahoma, 728 

Pontotoc County, Oklahoma, oil 
prospects, 729 

poe guide to minerals (review 
ot), 


790 
‘Porosity, in rocks, 532; of kaolinized 


granite, 63 

Porphyry, 559 : 

Portugal, tin deposits, 212 ¢table) 

Posepny, F., on salt mines of Tran- 
sylvania, 128 

Potosi tin deposits, Bolivia, 274 

Potosi type of tin ores, 274 

Pottawatomie County, Oklahoma, oil 
prospects, 729 

Powsvile formation, Crawford Co., 

57 

Powder River dome, Wyo., 366 

Prairie Mamou saline, Jennings oil 
field, La., 368 

Pre-Cambrian rocks, 752; India, 425 

Precious stones, recent literature on, 
103 

Precipitation, iron sulphides by car- 
bon, 7 

Pressure and temperature, relation to 
replacement, 200 

Price’s saline, La., 368 

Propylitization, definition, 
Butte granite, 6 

Propylitization and weathering con- 
trasted, 67 

Protogene, 755, 756 

Protractor, for field mapping, 623 

Pseudomorphs, 521, 526 

Puerticitos limestone, 327 

Purcell range, British Columbia, 351 

Purcell series, 351 

Pumice, 345; temperature data on, 2 

Pyrite, 283-285, 335; cupriferous, 
463; experiments on, 16, 20, 24, 31; 
in ferro-magnesian minerals, 47; in 
Gunflint formation, 164; in tin de- 
posits, 230; oxidation, reaction 
equations, 16; replacement by chal- 
cocite, 54; replacing silicious rock, 
709; transformations, 678 

Pyrite . deposition, Dolores 
Mexico, 478 

Pyrite pseudomorph after muscovite, 


61; of 


mine, 


357 

Pyritization of iron-bearing minerals, 
46 

Pyrope, fusing point, 4 

Pyroxene, 457, 461 

Pyroxenite, intrusive in gneiss, Ella, 
Ceylon, 
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Pyrrhotite, in tin deposits, 230 
Pyrrhotite deposition, Dolores mine, 
Mexico, 478 


Quaquaversal structure, The occur- 
rence of oil and gas deposits asso- 
ciated with (Clapp), 364-381 

Quartz, 283-285, 385, 463; as a geo- 
logic thermometer, 684; fusing 
point, 5; in pegmatite masses, tem- 
perature of formation, 683; in tin 
deposits, 230; range of stability, 
688; temperature of crystallization, 
684; transformation to cristobalite, 
690; transformation to tridymite, 
690; transformations, 678; trans- 
formations of, as a geologic ther- 
mometer, 682 

Quartz- cristobalite- -tridymite as a 
geologic thermometer, 684 

Quartz inclusion in augite andesite, 


3 
Quartz-monzonite, 453 
Quartz monzonite porphyry, 557 
Quartz-porphyries, order of crystal- 
lization, 687 
Quartz porphyry, analyses, 217 
Quartz-veins in granite, St. Anthony 
mine, 
Oe te 
Mex., 
Quartzsite ‘pebbles i in diabase flow, 685 
Queensland, tin deposits, 212 (table) 
Quensel, P., on forms of quartz, 684 


sar Rita district, N. 


Ramsey oil pool, Oklahoma, 726 

Ramona oil pool, Oklahoma, 726 

Ransome, F. L., The plane-table in 
detailed geologic mapping, 113-119; 
on ore deposits of Granite mine, 
Coeur d’Alene, 359; on origin of 
chalcocite, 75; on the Tiger-Poor- 
man lode, Idaho, 361; on the 
Wardner mines, Idaho, 361; on the 
Yerington district, 401 

Rapikiwi granite, Finland, 214 

Rapikiwi granite batholith, Finland, 
section, 2 

Rappakiwi granite, 267 

Rare earths, recent literature on, 308 

Rare metals, recent literature on, 100 

Rattlesnake Hill iron deposits, 180 

Recent developments at Leadville, 
Some (Butler), 315-323 

Recent literature on economic geol- 
ogy (Loughlin and Goodspeed), 
96; (Knopf and Umpleby), 303, 
404, 607; (Umpleby), 711 

Recrystallization by replacement, 528; 
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in Gunflint iron-bearing formation, 


172 
Red beds, Oklahoma, 720 
Red beds area, Oklahoma, 722 
Red Fork oil pool, Oklahoma, 727 
Redruth district, Cornwall, erosion of 
tin deposits, 225 
Regional reports, 106, 309, 612, 714 
Rehfuss, I. L., review by, 710 
Reid, H. F., review by, 301 
Relations of tin deposits, 
genetic (Singewald), 263-279 
Replacement, by volume, require- 
ments of, 531; classes of, 525; in 
free space, 525; in rigid rocks, 527; 
in rocks, 197; of silicious rock by 
pyrite, 709; without change of 
volume, 529 
Replacement, The nature of (Lind- 
gren) 521-535 
Replacement deposits, East Kootenay 
district, B. C., 353, 357; Leadville, 
Colo., 319 
Replacement ore bodies, 195, 511; 
criteria for, 295; Leadville, Colo., 
323 
Reviews— 
Dana’s Manual of Mineralogy 
(Ford), Schaller, 788 
Development of the world’s iron 
resources (Selwyn-Brown), 299 
Examination of prospects; a 
mining geology (Gunther), 
Bastin, 599 
Formation of coal beds (Steven- 
son), White, 80 
Geology of the Lake Superior 
region (Van Hise and Leith), 
Kemp, 595. 
Graphical solution of fault prob- 
lems (Tolman), Reid, 301 
ape to the study of min- 
erals (Rogers), Hunst, 604 
Iron mines and mining in New 
Jersey (Bayley), Steidtman, 
204 
Mineral resources of the Llano- 
Burnett region, Texas (Paige), 
Steidtmann, 403 
Mineralogy (Hatch), Schaller, 
203 
Mineralogy: an introduction to 
the theoretical and practical 
study of minerals (Phillips), 
Schaller, 789 
Natural — of clay (Searle), 
Shaw, 
Pillowlava. from the Kiruna dis- 
trict (Sundius), Rehfuss, 710 
Le Platine et les gites platini- 


Some 








féres de Jl’Oural (Duparc), 
Bastin, 202 
Popular guide to minerals 
(Gratacap), Schaller, 790 
Reconnaissance of the Jarbidge, 
Contact and Elk Mountain min- 
ing districts, Nevada (Schra- 
der), Schrader, 602 
Rock minerals—their chemical 
and physical characters and 
their determination in thin 
sections (Iddings), Bayley, 90 
Sedimentary deposition of oil 
(Stuart), White, 91 
Types of ore deposits (edited by 
Bain), Siebenthal, 512 
Rexford garnet mine, 4% 406 
Reyburn’s saline, La., 
Rickard, T. A., on sullin-cont struc- 
ture, 510; on solution of gold, 745 
Riesenfeld, E. H., on pressure of 
carbonic acid over calcium car- 
bonate, 699 
Rinne, F., definition of paragenesis, 
630; on changes in quartz, 682; on 
transformation of boracite, 678 
Robinson oil sand, 576 
Rock analyses, conversion into terms 
of minerals, 136 
Rock glass, temperature data on, 2 
Rock salt, German deposits, 123 
Rocks, active, behavior, 12; asso- 
ciated with graphite deposits, 423; 
dead, behavior, 12; igneous, depth 
of origin, 658; invaded by tin de- 
posits, 219; magnetism of, 660; 
metamorphism of, 454; openings in, 
465; replaced, structure of, 528; 
texture, preservation in replace- 
ment, 531; volcanic gases in, 6-10 
Rogers, A. F., The occurrence and 
origin of gypsum and anhydrite at 
the 7 Met J mine, Lyon County, 


Nevada, 185-189; The paragenesis 
of so a 638-646; review of 
book by, 604; on anhydrite from 


salt mines of Kansas, 189; on gyp- 
sum and anhydrite at the Ludwig 
mine, 400; on use of term para- 
genesis, 640 
Rogers County, 
gas fields, 726 
Rogers garnet mines, 493, 494 
Rolfsbuettel salt dome, Brunswick, 
section, 127 
Rooberg tin deposits, 224 
Rosenbusch, H., on minerals in rhyo- 
lite, 218 


Oklahoma, oil and 
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Ross-shire, Scotland, tin deposit, 212 
(table), 223 

Rucker, A. W., on influence of basalt 
sheets on magnetic needle, 659; on 
magnetic disturbance in England, 


652 

Rhee W. R., on minerals in Bo- 
livian ore deposits, 272, 274 

Rundhorste, 125 

Russia, Apscheron, geothermic gradi- 
ent, 530; Berekei, geothermic 
gradient, 539; Kursk, anomaly in 
magnetic declination, 651 

Rutile, 697 


Sabine uplift, Louisiana-Texas, 374 

Saddle-reef structure, 510 

Sageyah oil pool, Oklahoma, 726 

St. Anthony mine, Hydrothermal 
alteration of granite and the source 
of vein-quartz at the (Moore), 
751-761 

St. Eugene mine, East Kootenay, B. 


» 35 
Ste. Genevieve limestone, 578, 579 
St. Helens mining district, location, 
340; physiography and topography, 


341 

St. Helens mining district of Wash- 
ington, The geology of the 
(Zapffe), 340-350 

St. Lawrence Co., Ill., sections of 
wells, pl. 4 

St. Louis limestone, 578 

Sales, R. H., copper deposits of 
Butte, Mont., 35 

Salomon, W., on limestone pebbles in 
magmas, 703 

Saline dome type of quaquaversal 
structure, 367 

Saline domes, correspondence with 
oil fields, 370; distribution, 372; 
geological structure, 368; surface 
topography, 367 

Salines, Louisiana and Texas, 368; 
recent literature on, 104, 308, 406, 
612 

Salt, in saline domes, 370 

Salt Creek oil pool, Oklahoma, 728 

Salt deposits, modes of occurrence, 


120 
Salt deposits, The form of (Hahn), 
120-135 
Salt domes, origin, 376; structure, 122 
San Felipe beds, Mexico, 370 
Sanders Brothers garnet mine, 404, 


407 
Sandstone containing graphite, 764 
Sanidine, fusing point, 3 
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Santa Rita’ (Chino), New Mexico, 
The geoloaic and structural rela- 
tions at (Paige), 547-559 

Santa Rita district, N. Mex., 
logic map, 555 

Saratoga saline dome, Texas, 368, 
371 

Satsuma Province, tin deposits, 212 
(table) 

Scale, for field mapping, 623 

Schaller, W. T., reviews bv, 203, 788, 


geo- 


89,790. ‘ 

Scheelite, in tin deposits, 230 

Schist, in Santa Rita district, N. 
Mex., 548 

Schists, replacement ore bodies in, 


2096 

Schofield, S. J., The origin of the 
silver-lead deposits of East Koo- 
tenay, British Columbia, 351-363 

Schrader, F. C., review bv, 602; re- 
view of work by, 602 

Scientific notes and news, 
311, 414, 513, 616, 715, 791 

Schmidt, C., on replacement by seri- 
cite, 57 

Schmierer, Th., on origin of salt de- 
posits, 131 

Scotland, Ross-shire, tin deposit, 223 

Scrivenor, B., on origin of tin 
deposits, 254 

Scums of oil, Gulf of Mexico, 374 

Schwarzenberg, Saxony, tin deposits, 


110, 206, 


207 
Searle, A. B., review of book by, 601 
Secondarv enrichment, Elisa mine, 
Sonora, Mexico, 337; of copper 
veins, effect of calcite gangue on, 


705 

Sedimentary deposition of oil, 91 

Sections—Elisa mine, Sonora, 
Mexico, 324; Elisa mining district, 
Sonora, Mexico, 325; German salt 
domes, 126-128; La Salle anticline, 
pL 3° Laxapana graphite mine, 
Ceylon, 428; Louemma shaft, 
Leadville, Colo., 317; Ludwig mine, 
Nevada, 186; Sierra del Fraile 
mountain, S. L. P., Mexico, 448, 
450; Spindle Top oil field, Texas, 
360; tin deposits, 226-227; ‘volcanic 
neck in oil fields of Vera Cruz 
and Tamaulipas, Mexico, 378; 
wells, St. Lawrence Co., Ill. pl. 4 

Secular change of declination, 655 

Seepages of oil, Gulf Coastal Plain, 
Mexico, 380 

Segregations, tin deposits, 223 

Seisholtzville, Pa., iron deposits, 765 
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Selwyn-Brown, Arthur, 1eview of 
paper by, 299 
Seminole County, Oklahoma, oil 


prospects, 729 

Senarmont, on pyritization, 47 

Sequoyah County, Oklahoma, oil and 
gas prospects, 730 

Sericite, 386, 756; in Butte granite, 
39, 44; occurrence and significance, 
55; replacement by, 53 

Sericitic phase of Butte granite, 52 

Sericitization, 387; chemical features, 

59 

Serpentine, 549 

Serpentine iron ores, Cuba, 672 

Shallow oil field, Oklahoma, 726 

Sharwood, W. J., discussion by, 588 

Shasta County, California, replace- 
ment deposits in alaskite, 206 

Shaw, E. W., review by, 601 

Shimer, P. W., analysis of iron ore 
by, 180, 182 

Short-cuts, Some geological (Mead), 
136-144 

Siam, tin deposits, 212 (table) 

Sicily, sulphur deposits, 735 

Siebenthal, C. E., review by, 512 

moe del Fraile mountain, Mexico, 
44 

Sifteates, ' cians of, 690; hydrous, 


475 

Silicon, transformations, 678 

Silver, association with tin deposits, 
232; fusing point, 5; La Paz mines, 
Mexico, 482; Leadville, Colo., 318; 
peculiar occurrence, 783; recent 
literature on, 96, 303, 404, 608, 711 

Silver deposits, Mina Mexico, 
Sonora, 282 

Silver-lead deposits of East Koo- 
tenay, British Columbia, The origin 
of the (Schofield), 351- —363 

Silver ore, Blue Bird mine, 287; 
microphotographs, 283, 284 

Silver <r mine, Leadville, Colo., 


316, 320 

Simpson, J. F., on use of term 
paragenesis, $39 

Singewald, J. Jr., The iron ore 
deposits of a Cebolla district, 
Gunnison County, Colorado, 560- 


573; Some genetic relations of tin 
deposits, 263-279; discussion by, 
191 
Skey, on solution of gold, 746 
Skiatook oil pool, Oklahoma, 727 
Slate 292 
Smith, J. A., fissure theory, 321; on 
origin of ores at Leadville, Colo., 
320 
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Smith, D. T., on Triassic fossils in 
Nevada, 400 
Smith, H. D., geological work by, 


447 

Smith, H. L., on magnetic declina- 
tion, 653 

Smith, Ww S. T., discussion by, 297 

Smithsonite, pseudomorphs after cal- 
cite, 526; replacing limestone, 530 

Smyth, C. H., Jr., on Clinton iron 
ores, 507; on hematite ores, 181 

Sodalite, fusing point, 5 

Solfara Grande di Sommatino Mine, 

icily, bedded sulphur- bearing 
rocks, 736 

Solidifying magmas, direct measure- 
ments of temperature of, 705 

Solutions, producing contact meta- 
morphism, origin, 485; rdle in ore 
deposition, 744 

Some genetic relations of tin de- 
posits (Singewald), 263-279 

——e short-cuts (Mead), 
13 

Some recent developments at Lead- 
ville (Butler), 315-323 

Sour Lake saline dome, Texas, 368, 
371 

Source of vein-quartz at the St. An- 
thony mine, Hydrothermal altera- 
tion of granite and the (Moore), 
751-761 

South Carolina, 
(table), 265 

South Islands, Louisiana, 368 

Spain, tin deposits, 212 (table) 

Sparta oil sand, 579 

Specific gravity of mixtures, 588 

Sperrylite, 491 

Sphalerite, experiment on, 20, 21; in 
tin deposits, 230 

Spindle Top, description, 371; 
duction of oil, 371 

Spindle Top saline, Tex., 368, 374 

Spinel, fusing point, 5 

Spodumene, 265; fusing point, 5; in 
tin deposits, 231 

Spokane, Washington, 
212 (table) 

Spurr, J. E., Theory of ore deposi- 
tion, 485-492} work on Dolores 
mine, Mexico, 446 

Spurr, J. E, Garrey, G. H., and 
Fenner, C. N,, Study of a contact 
metamorphic ore-deposit; the = 


tin deposits, 212 


pro- 


tin deposits, 


lores mine, at Matehuala, S. L. P., 
Mexico, 444-484 
Squirrel oil pool, Oklahoma, 726 
Stadia, in plane-table work, 780 
Stadia traverse, 636 
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Stahl, on solution of gold, 746 

Stannite, 228, 271; in tin deposits, 230 

Stannite. ores, Zeehan field, Tasmania, 
277 

Stannite veins, 271 

Stanthorpe, Queensland, tin deposits, 
212 (table) 

Stassfurt rock salt deposits, 123 

Statistical reports, recent, 713 

Steen’s saline, Tex., 3 

Steidtman, Edward, reviews by, 204, 
403; on alteration of rocks, 757; on 
circular diagram method of com- 
paring analyses, 142 

Steinman, G., on Bolivian tin de- 


posits, 273 
Stein’s saline dome, 374 
Stelzner, A. W., on gold-bearing 


copper veins of. Chili, 271; on Bo- 
livian ore deposits, 272 

Stetefeldt, on lixiviation of silver 
ores, 747 

Structure of replaced rocks, 528 

Stevens, Blamey, discussion by, 195 

Stevenson, J. J., review of paper by, 


89 

Stewart, C. A., and Welsh, T. W. 
B., discussion by, 785 

Stille, H., on German salt domes, 
126; on salt domes, 121, 130 

Stiver’s saline, Tex., 3 

Stockworks, tin deposits, 222 

Stokes, H. N., on oxidation of sul- 
phides, 17; on the solubility of 
gold, 744 a 

Stonier, G. A., on mining and market- 
ing of graphite, 433 

Straight line method of comparing 
analyses of fresh and altered rocks, 
141; example, 142 

Straits (Malay States), tin produc- 
tion, 212 

Strauss, L. W., discussion by, 502 

Stromboli, rocks of, 601 

Strombolicchio, at Stromboli, Sicily, 
rocks of, 601 

Structural materials, recent literature 
on, 104 

Structural relations at Santa Rita 
(Chino), New Mexico, The geo- 
logic and (Paige), 547-559 

Structural relations of the oil fields 
of Crawford and Lawrence coun- 
og Illinois, The (Blatchley), 574- 


Seaceins, St. Helens district, Wash- 
ington, 345; saline domes, 368 
Stuart, Murray, review of paper by, 


OI 
Study of a contact metamorphic ore 
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deposit; the Dolores mine, at Mate- 

huala, P., Mexico (Spurr, 

Garrey, and Fenner), 444-484 
Study of minerals, introduction to, 


604 
Study of the Elisa mine, Sonora, 
Mexico, A geological (Lee), 324- 


339 
Sturgeon Lake gold field, Ontario, 


751 

Sturgeon Lake granite, 752 

Stutzer, O., The origin of sulphur 
deposits, 732-743 

Success mine, Coeur d’Alene, Idaho, 


359 

Sullivan, E. C., on interaction of min- 
erals, 64; on interactions between 
minerals and water solutions, 82 

Sullivan mine, East Kootenay dis- 
trict, B: C., 352 

Sully, J. M., on geology of Santa 
Rita district, N. Mex., 550 

Sulphidation of femic minerals, 50 

Sulphide replacement ores, Leadville, 
Colo., origin, 322 

Sulphide veins, 264 

Sulphides, solubility, 34 

Sulphides, oxidation of (Gottschalk 
and Buehler), 15-34 

Sulphur, associated with volcanic ac- 
tivity, 732; at Sulphur, La., 372; 
circulation of, 742; formation in 
solfataras, 732; fusing point, 5; in 
Gunflint iron formation, 163; reac- 
tion for production from hydrogen 
sulphide, 733; recent literature on, 
105; stratified deposits, 735; trans- 
formation, 678 

Sulphur, La., oil and sulphur field, 


371 
Sulphur bacteria, 730, 741, 742 
Sulphur deposits, form, 734; geologic 
age, 733; Japanese, origin, 733; 
sedimentary origin, 733, 735; Sicily, 


5 

Sulphur deposits, The origin of 
(Stutzer), 732-743 

Sulphur saline, La., 368 

Sulphur springs, Gik-Salgan, Cau- 
casus, 734 

Sumatra, tin deposits, 212 (table) 

Sundius, N., review of paper by, 710 

Svartdal veins, Thelemark district, 
Norway, 271 

Swazieland, pegmatitic tin lode, 222; 
tin deposits, 212 (table) 

Swosozowice, Galicia, bedded sulphur 
deposit, 736 

Syenite, 493 
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Tables—analyses of granite and grei- 
sen, Grainsgill, 244; granite and 
greisen, New South Wales,..241; 
granites and  quartz-porphyries 
from tin-producing regions, 216; 
chronologic relation of ore forma- 
tion, Santa Rita district, N. Mex., 
554; Erzgebirge granite and grei- 
sen, 237; for conversion of 
analyses, 138; magnetic stations 
in the United States, territory 
covered by, 649; mineral composi- 
tion of rocks of Gunflint district, 
175; mineralogical associations in 
tin deposits, 229; mineralogical 
composition of matrix of garnet- 
bearing rock, 501; relations be- 
tween ore deposits of East Koo- 
tenay and Coeur d’Alenes, 363; 
fixed temperature points and 
calorific capacity of lavas, etc., 2; 
tin deposits, genetic phases, 278; 
tin districts of world, 212 

Tally register, 630 

Tamaha oil pooi, Oklahoma, 727 

Tamasopo limestone, Mexico, 378 

Tamaulipas oil field, section of vol- 
canic neck, 378 

Taniyama tin mine, Satsuma prov- 
ince, Japan, 219 

Tarr, A., The lack of association 
of the irregularities of the lines of 
magnetic declination and the petro- 
leum fields, 647-661 

Tantalite, in tin deposits, 231 

Tantima mountains, Vera 
Mexico, 380 

Tasmania, tin deposits, 212 (table), 
276; tourmalinization, 235 

Tavoy, Burma, tin deposits, 212 
(table) 

Teaching of economic geology, 297, 


Cruz, 


393 

Tehamose, analyses, 216 

Temescal, California, tin deposits, 
212 (table) 

Temperature and pressure, relation 
to replacement, 200 

Temperature in oil regions (Ho6fer), 
536-541 : 

Temperature measurements in wells, 


537 
Temperature measurements of geo- 


logical occurrences, Transforma- 
tions and chemical reactions in 
their application to (Koenigs- 


berger), 676-707 
Temperature of solidifying magmas, 
direct measurements of, 705 
Temperatures, Comstock lode, 583 
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Tennessee, variations 
declination, 651 

Tenorite, 317 

Tertiary rocks, Oklahoma, 720 

Tetrahedrite, 283-285 

Texas, tin deposits, 212 (table) 

Texture, of replaced rocks, 528; of 
rocks, preservation in replacement, 


in magnetic 


531 

Thelemark district, Norway, copper- 
tin veins, 271 

Thenardite, fusing point, 5 

Theory of ore deposition (Spurr), 
485-492 

Thionic acid bacteria, 743 

Tiger Flats oil pool, Oklahoma, 728 

Tiger-Poorman lode, Idaho, 361 

Tin, associated with Tertiary rhyo- 
lites, 218; association with granitic 
intrusives, 213; production, 212; 
recent literature on, 305, 608; ulti- 
mate source, 251 

Tin, Nigerian; its occurrence and 
origin (Falconer), 542-546 


Tin-bearing granite intrusion, ideal 
section, 227 
Tin deposits, age, 213; associated 


rocks, 213; bibliography, 257; Bo- 
livia, 273; Cornwall, 269; distribu- 
tion, map, 211; erosion, relation to 


deposits, 224; formation of, 251; 
forms of deposits, 220; genetic 
relationships, 278; lodes, normal, 


221; Mergui district, Burma, 223; 
mineralogical associations of the 
ores, 228; ore bodies, relations to 


intrusives, 223; pipes, 222; Tas- 
mania, 276 
Tin deposits, geologic features of 


(Ferguson and Bateman), 209-262 

Tin deposits, Some genetic relations 
of (Singewald), 263-279 

Tin districts of the world, 212 (table) 

Tin veins, 263; gradation into tour- 
maline-bearing copper formation, 
260 

Titaniferous magnetite, Cebolla dis- 
trict, Colo., 560; view of, 566 

Titanite, fusing point, 5 

Titanium, transformation, 678 

Titanium dioxide, Alps, 697 

Tolman, C. F., Jr., discussion by, 
303; review of work by, 301 

Topaz, 235, 544; in tin deposits, 230 

Topographic sketching, 633 

Tornquist, A., on origin of salt de- 
posits, 130 

Tourmaline, 235, 280, 343; in tin de- 
posits, 230 





INDEX TO VOLUME VII. 


Tourmaline-bearing ore, Blue Bird 
mine, Montana, 2 

Tourmalinization, 235 

Tracey oil sand, 578 

Transbaikal, tin deposits, 212 (table) 

Transformation, latent heat of, 683 

Transformations and chemical reac- 
tions in their application to temper- 
ature measurements of geological 
occurrences (Koenigsberger), 676- 


707 

Transformations of minerals, 534 

Tras-os-Montes, Portugal, tin de- 
posits, 212 (table) 

Transportation and deposition of 
gold in nature, The (Lenher), 744- 


750 

Transvaal, pipes (in deposits), 222; 
tin deposits, 212 (table) 

Treadwell mines, Alaska, 510 

Tremolite, fusing point, 3 

Trevose, Pa., graphite deposits, 762 

Triassic fossils, Lyon County, Ne- 
vada, 400 

Tribune formate 578 

Tridymite, 681, 68. 4, 696; crystal- 
lization of, ee transformation 
into quartz, 

Tridymite and cristobalite, associa- 
tion, 

Tridymite druses in andesite, 605 

Triplite, in tin deposits, 231 

Trueman, J. D., on zircon, 204 

Tschermak, G., on genera ‘and species 
of minerals, 641; on the term para- 
genesis, 640 

Tuff, analysis, 3290 

Tulsa County, Oklahoma, oil fields, 
727 

Tungsten, association with tin, 277; 
recent literature on, 712 

Turner, H. W., discussion by, 709 

Turquoise, Burro Mountains, N. 
Mex., occurrence, mineralogic, and 
chemical relations, 384 

Turquoise deposits, Burro Moun- 
tains, N. Mex., origin, 390 

Turquoise in the Burro Mountains, 
New Mexico, The origin of 
(Paige), 382-392 

Twelvetrees, W. H., and Ward, L. 
K., on the ore bodies of the 
Zeehan field, Tasmania, 275 

Types of mineral deposits, 643; ore 
deposits (review of), 507; Potosi 
tin-silver deposits, 272 


Ullmannite, experiments on, 33 
Umpleby, J. B., Recent literature on 


economic geology, 711-714 
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Umpleby, J. B., and Knopf, Adolph, 
Recent literature on economic 
geology, 303-310, 404-413, 607-615 

Unconformities, Santa Rita district, 
N. Mex., 552 

Ural Mountains, replacement 
bodies in schists, 296 

Uraninite, in tin deposits, 231 

Use of geology in iron ore explora- 
tion (Leith), 662-675 


ore 


Van Hise, C. R., on alteration of 
muscovite, 56; on changes in vol- 
ume in alteration, 523; on forma- 
tion of magnetite, 168; on replace- 
ment of lime bv magnesia, 195 

Van Hise, C. R., and Leith, C. K., 
review of book by, 505; on the 
Cebolla iron deposit, 561 

Veatch, A. C., on distribution of salt 
domes, 374 

Vegetable Creek district, New South 
Wales, pegmatitic tin lode, 222 

Vein-deposits of graphite near Dil- 
lon, Montana, 435 

Vein formation, 263 

Vein-quartz at the St. Anthony mine, 
Hydrothermal alteration of granite 
and the source of (Moore), 751- 
761 

Vein type, 263 

Veins, Blue Bird mine, Montana, 288; 


graphite deposits, Ceylon, 426; 
Mina Mexico, Sonora, 281 
Veins, copper, at Butte, Montana, 


Conditions of mineralization in the 
(Kirk), 35-82 

Veins of Butte district, classification 
and relations to wall rocks, 69 

Vera Cruz, Pa., graphite mine, 763 

Vera Cruz oil field, section of vol- 
canic neck, 378 

Vermilion district, amount of iron 
ore, 665 

Vesuvianite, 460; fusing point, 5 

Ville, on salt domes in Algeria, 129 

Vinton saline, La., 368 

Vivianite, 380 

Vogt, J. H. L.,, on alteration of rocks, 
68; on copper-tin deposits, Thele- 
mark district, Norway, 271; on 
greisenization, 236; on magmatic 
differentiation, 251; on Norwegian 
nickel ores, 84; on propylitization, 
61; on tin deposits, 265 

Volcanic activity, Vera Cruz, Mexico, 


380 
Volcanic ash, 345 
Volcanic ashes, color, 12 
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Volcanic gases in rocks, 6-10 
Volcanic necks, distribution in Gulf 
Coastal Plain, Mexico, 379 
Volcanic theory of origin of salt 
domes, 129 
Volcanism, 
(Winch ell), 
Vom Rath, é, on discovery of tri- 
dymite and cristobalite, 604 


Oklahoma, 


Sent new data on 


Wagoner County, 
fields, 728 

Wainwright, D. B., on planetable ad- 
justment, 629 

Walker, James, 
metals, 58 

bie rocks, relations to ore bodies, 


oil 
on replacement of 


W aither, J., on graphite deposits of 
Ceylon, 433; on the origin of 
graphite, 431 

Wann oil pool, Oklahoma, 726 

Wardner mines, Idaho, 261 

Warren County, New York, The 
garnet deposits of (Miller), 493- 
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Waiter C. W. (translator), 
Temperature in oil regions, 536- 
541; on the accumulation of petro- 
leum, 660 

Washington, St. Helens district, 340; 
tin deposits, 212 (table) 

Washington ae gas field, 
Greene Co., 
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pools, 726 
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vada, analysis, 587; in magmas, 14; 
not a mineralizer or catalyzer, 688 

Water resources, recent literature on, 
105, 409, 612 

Wavellite, 380 

Weathering, belt of, relimitation, 69 

Weathering and propylitization con- 
trasted, 67 

Webber oil pool, Oklahoma, 726 

Weed, W. H., on analyses of granite, 
41; on copper ores at Butte, Mont., 
74; on occurrence of sericite, 56 

Wegemann, C. H. Planetable 
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mapping, 621-637; on Powder 
River dome, 3 

Weinschenk, E., 
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phides, 15 

Wells, St. Lawrence Co., 
tions, pl. 4 


on the origin of 


Ill., sec- 
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Welsh, T. W. B., and Stewart, C. A., 
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Welsh oil field, Louisiana, 371 

Welsh saline, La., 368 

Werra type of salt deposits, 124 

Werveke, L. van, on temperature 
measurements in Elsass oil fields, 
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(table) 
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clinal gee 3 

Wetzig, B., copper deposits of Butte, 
Mont., 36 

Wheeler i field, Oklahoma, 723 

Wherry, E. T., on graphite in Cam- 
brian sandstone, 764 

White, David, reviews by, 80, 91 

White, I. C., on volcanic necks in oil 
fields, Yi 

White, W. P., on the latent heat of 
transformation, 

White cloud of volcanic eruptions, 
composition, 12 

Wichita Mountains, Oklahoma, 722 

Williams, G. H., on the formation of 
sericite, 56 

Winchell, A. N., Brun’s new data on 
volcanism, 1-14; on  cordierite- 
norite, 158; on Duluth gabbro, 154; 
on graphite deposits, Dillon, Mon- 
tana, 435; on slate in Montana, 292; 
on the origin of graphite, 431 

Winchell, A. N., and Winchell, H. V., 
Notes on the Blue Bird mine, 287- 


204 
Winchell, H. V., on downward en- 
richment of copper deposits, 72 
Winchell, H. V., and Winchell, A. 
N., Notes on the Blue Bird mine, 


tin deposits, 212 


Pa., anti- 


287-204 
Winnfield saline dome, La., 368, 374 
Winogradsky, on oxidation of hydro- 
gen sulphide by bacteria, 742 


Wisconsin, area of known iron 
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formation, 663; lead and zinc ores, 
508; variations in magnetic declina- 
tion, 650 

Wolfranite, in tin deposits, 230 

Wollastonite, 424, 460; assay, 492; 
fusing point, 5 

Wollastonite zone, relative position, 


491 
Wright, F. E., on metamorphism by 

addition, 455; on the formation of 

sericite, 56; rocks examined by, 


468-473 

Wright, F. E., and Larsen, E. S., on 
changes in quartz, 682 

Wurtzite, 71 


Xenoblast, 528 
Yunnan, tin deposits, 212 (table) 


Zalinski, E. R., on turquoise in 
Burro Mountains, N. Mex., 382 
Zapffe, Carl, The effects of a basic 
igneous intrusion on a Lake Su- 
perior iron-bearing formation, 145- 

178; The geology of the St. Helens 
mining district of Washington, 
340-350 

Zavrieff, on pressure of carbonic acid 
over calcium carbonate, 

Zeehan field, Tasmania, ore deposits, 
275; tin deposits, 253 

Zinc, association with tin deposits, 
232; Leadville, Colo., 318; recent 
literature on, 100, 305, 608, 712 

Zinnwald district, Erzgebirge, tin de- 
posits, 221 

Zinnwald granite (tin deposits), sec- 
tion, 226 

Zinnwald tin deposits, 225 

Zircon, 202, 544; fusing point, 5; 


recent literature on, 611 
Zirkel, F., on minerals in rhyolites, 
218; on sericite, 56 
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